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Formaldehyde: RoC Background Document

FOREWORD

The Report on Carcinogens (RoC) is prepared in response to Section 301 of the Public
Health Service Act as amended. The RoC contains a list of identified substances (i) that
either are known to be human carcinogens or are reasonably be anticipated to be human
carcinogens and (ii) to which a significant number of persons residing in the United

States are exposed. The Secretary, Department of Health and Human Services (HHS), has
delegated responsibility for preparation of the RoC to the National Toxicology Program
(NTP), which prepares the report with assistance from other Federal health and
regulatory agencies and nongovernmental institutions.

Nominations for (1) listing a new substance, (2) reclassifying the listing status for a
substance already listed, or (3) removing a substance already listed in the RoC are
reviewed in a multi-step, scientific review process with multiple opportunities for public
comment. The scientific peer-review groups evaluate and make independent
recommendations for each nomination according to specific RoC listing criteria. This
background document was prepared to assist in the review of formaldehyde. The
scientific information used to prepare Sections 3 through 5 of this document must come
from publicly available, peer-reviewed sources. Information in Sections 1 and 2,
including chemical and physical properties, analytical methods, production, use, and
occurrence may come from published and/or unpublished sources. For each study cited in
the background document from the peer-reviewed literature, information on funding
sources (if available) and the authors’ affiliations are provided in the reference section.
The draft background document was peer reviewed in a public forum by an ad hoc expert
panel of scientists from public and private sectors with relevant expertise and knowledge
selected by the NTP in accordance with the Federal Advisory Committee Act and HHS
guidelines and regulations. The document has been finalized based on the peer-review
recommendations of the expert panel and public comments received on the draft
document. The document also has been reviewed and revised for technical accuracy and
clarity. Any interpretive conclusions, comments, or statistical calculations made by the
authors or peer reviewers of this document that are not contained in the original citation
are identified in brackets [ ].

A detailed description of the RoC nomination review process and a list of all substances
under consideration for listing in or delisting from the RoC can be obtained by accessing
the 12th RoC at http://ntp.niehs.nih.gov/go/9732. The most recent RoC, the 11th Edition
(2004), is available at http://ntp.niehs.nih.gov/go/19914.
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Criteria for Listing Agents, Substances, or Mixtures in the Report on Carcinogens

U.S. Department of Health and Human Services
National Toxicology Program

The criteria for listing an agent, substance, mixture, or exposure circumstance in the RoC
are as follows:

Known To Be Human Carcinogen:

*
There is sufficient evidence of carcinogenicity from studies in humans , which indicates
a causal relationship between exposure to the agent, substance, or mixture, and human
cancer.

Reasonably Anticipated To Be Human Carcinogen:

There is limited evidence of carcinogenicity from studies in humans , which indicates
that causal interpretation is credible, but that alternative explanations, such as chance,
bias, or confounding factors, could not adequately be excluded,

or

there is sufficient evidence of carcinogenicity from studies in experimental animals,
which indicates there is an increased incidence of malignant and/or a combination of
malignant and benign tumors (1) in multiple species or at multiple tissue sites, or (2) by
multiple routes of exposure, or (3) to an unusual degree with regard to incidence, site,
or type of tumor, or age at onset,

or

there is less than sufficient evidence of carcinogenicity in humans or laboratory
animals; however, the agent, substance, or mixture belongs to a well-defined,
structurally related class of substances whose members are listed in a previous Report
on Carcinogens as either known to be a human carcinogen or reasonably anticipated to
be a human carcinogen, or there is convincing relevant information that the agent acts
through mechanisms indicating it would likely cause cancer in humans.

Conclusions regarding carcinogenicity in humans or experimental animals are based on
scientific judgment, with consideration given to all relevant information. Relevant
information includes, but is not limited to, dose response, route of exposure, chemical
structure, metabolism, pharmacokinetics, sensitive sub-populations, genetic effects, or other
data relating to mechanism of action or factors that may be unique to a given substance.
For example, there may be substances for which there is evidence of carcinogenicity in
laboratory animals, but there are compelling data indicating that the agent acts through
mechanisms which do not operate in humans and would therefore not reasonably be
anticipated to cause cancer in humans.

E3

This evidence can include traditional cancer epidemiology studies, data from clinical studies, and/or data
derived from the study of tissues or cells from humans exposed to the substance in question that can be
useful for evaluating whether a relevant cancer mechanism is operating in people.
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Executive Summary

Introduction

Formaldehyde is a high-production-volume chemical with a wide array of uses. The
predominant use of formaldehyde in the United States is in the production of industrial
resins (mainly urea-formaldehyde, phenol-formaldehyde, polyacetal, and melamine-
formaldehyde resins) that are used to manufacture products such as adhesives and binders
for wood products, pulp and paper products, plastics, and synthetic fibers, and in textile
finishing. Formaldehyde is also used as a chemical intermediate. Resin production and
use as a chemical intermediate together account for over 80% of its use. Other, smaller
uses of formaldehyde that may be important for potential human exposure include use in
agriculture, medical use as a disinfectant and preservative (for pathology, histology, and
embalming), and use in numerous consumer products as a biocide and preservative.

Formaldehyde (gas) is listed in the Eleventh Report on Carcinogens (RoC) as reasonably
anticipated to be a human carcinogen based on limited evidence of carcinogenicity in
humans and sufficient evidence of carcinogenicity in laboratory animals (NTP 2005a); it
was first listed in the 2nd RoC (NTP 1981). Formaldehyde (all physical forms) was
nominated by NIEHS for possible reclassification in the 12th RoC based on the 2004
review by the International Agency for Research on Cancer (IARC 2006), which
concluded that there was sufficient evidence for the carcinogenicity of formaldehyde in
humans.

Human Exposure

Formaldehyde has numerous industrial and commercial uses and is produced in very
large amounts (billions of pounds per year in the United States) by catalytic oxidation of
methanol. Its predominant use, accounting for roughly 55% of consumption, is in the
production of industrial resins, which are used in the production of numerous commercial
products. Formaldehyde is used in industrial processes primarily as a solution (formalin)
or solid (paraformaldehyde or trioxane), but exposure is frequently to formaldehyde gas,
which is released during many of the processes. Formaldehyde gas is also created from
the combustion of organic material and can be produced secondarily in air from
photochemical reactions involving virtually all classes of hydrocarbon pollutants. In
some instances, secondary production may exceed direct air emissions. Formaldehyde is
also produced endogenously in humans and animals.

Formaldehyde is a simple, one-carbon molecule that is rapidly metabolized, is
endogenously produced, and is also formed through the metabolism of many xenobiotic
agents. Because of these issues, typical biological indices of exposure, such as levels of
formaldehyde or its metabolites in blood or urine, have proven to be ineffective measures
of exposure. Formaldehyde can bind covalently to single-stranded DNA and protein to
form crosslinks, or with human serum albumin or the N-terminal valine of hemoglobin to
form molecular adducts, and these reaction products of formaldehyde might serve as
biomarkers for exposure to formaldehyde.
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Occupational exposure to formaldehyde is highly variable and can occur in numerous
industries, including the manufacture of formaldehyde and formaldehyde-based resins,
wood-composite and furniture production, plastics production, histology and pathology,
embalming and biology laboratories, foundries, fiberglass production, construction,
agriculture, and firefighting, among others. In fact, because formaldehyde is ubiquitous, it
has been suggested that occupational exposure to formaldehyde occurs in all work places.

Formaldehyde is also ubiquitous in the environment and has been detected in indoor and
outdoor air; in treated drinking water, bottled drinking water, surface water, and
groundwater; on land and in the soil; and in numerous types of food.

The primary source of exposure is from inhalation of formaldehyde gas in indoor settings
(both residential and occupational); however, formaldehyde also may adsorb to respirable
particles, providing a source of additional exposure. Major sources of formaldehyde
exposure for the general public have included combustion sources (both indoor and
outdoor sources including industrial and automobile emissions, home cooking and
heating, and cigarette smoke), off-gassing from numerous construction and home
furnishing products, and off-gassing from numerous consumer goods. Ingestion of food
and water can also be a significant source of exposure to formaldehyde.

Numerous agencies, including the Department of Homeland Security, CPSC, DOT, EPA,
FDA, HUD, the Mine Safety and Health Administration, OSHA, ACGIH, and NIOSH,
have developed regulations and guidelines to reduce exposure to formaldehyde.

Human Cancer Studies

A large number of epidemiological studies have evaluated the relationship between
formaldehyde exposure and carcinogenicity in humans. The studies fall into the following
main groups: (1) historical cohort studies and nested case-control studies of workers in a
variety of industries that manufacture or use formaldehyde, including the chemical,
plastics, fiberglass, resins, and woodworking industries, as well as construction, garment,
iron foundry, and tannery workers; (2) historical cohort studies and nested case-control
studies of health professionals, including physicians, pathologists, anatomists,
embalmers, and funeral directors; (3) population-based cohort or cancer registry studies;
and (4) population-based or occupationally based case-control incidence or mortality
studies of specific cancer endpoints. In addition, several studies have re-analyzed data
from specific cohort or case-control studies or have conducted pooled analyses or meta-
analyses for specific cancer endpoints.

The largest study available to date is the cohort mortality study of combined mixed
industries conducted by the National Cancer Institute (NCI). This cohort includes 25,691
male and female workers, enrolled from 10 different formaldehyde-producing or -using
plants, employed before 1966 and followed most recently to 1994 and 2004, most of
whom were exposed to formaldehyde (Hauptmann ez al. 2003, 2004 and Beane Freeman
et al. 2009). Quantitative exposure data were used to construct job-exposure matrices for
individual workers, some of whom experienced peak exposures to formaldehyde > 4
ppm. This cohort is the only study in which exposure-response relationships between
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peak, average, cumulative, and duration of exposure and mortality for multiple cancer
sites were investigated. Two other large cohort studies are available: (1) a large multi-
plant cohort study (N = 14,014) of workers in six chemical manufacturing plants in the
United Kingdom (Coggon et al. 2003), which calculated SMRs among ever-exposed and
highly exposed workers for formaldehyde, and (2) a NIOSH cohort of garment workers
(N =11,039) (Pinkerton et al. 2004) which evaluated mortality for duration of exposure,
time since first exposure, and year of first exposure to formaldehyde for selected cancer
sites. The other cohort studies (for both industrial and health professional workers) were
smaller, and in general only reported mortality or incidence for ever-exposed workers in
external (SMR or PMR) analyses, although some of the studies of health professional
workers attempted indirect measures of exposure (such as length in a professional
membership) as a proxy for exposure duration. Several of the nested case-control studies
attempted to evaluate exposure-response relationships, but were limited by small
numbers of exposed cases, and many of the population-based case-control studies lacked
quantitative data or sufficient numbers of cases to evaluate exposure-response
relationships. However, the nested case-control study of lymphohematopoietic,
nasopharyngeal, and brain cancers among U.S. embalmers and funeral directors by
Hauptmann et al. (2009) had large numbers of exposed cases of lymphohematopoietic
cancer and used both questionnaire- and experimental model-based exposure metrics of
exposure, including average, cumulative, peak, and duration of exposure, and number of
embalmings. [Since most of the cohorts have relatively low statistical power to evaluate
rare cancers such as sinonasal and nasopharyngeal cancers, case-control studies are
generally more informative for these outcomes.] Findings across studies for cancer sites
that have been the principal focus of investigation are summarized below.

Sinonasal cancers

In cohort studies, increased risks of sinonasal cancers were observed among male (SPIR
=2.3,95% CI = 1.3 to 4.0, 13 exposed cases) and female (SPIR = 2.4, 95% CI = 0.6 to
6.0, 4 exposed cases) Danish workers exposed to formaldehyde (Hansen and Olsen 1995,
1996) and among formaldehyde-exposed workers in the NCI cohort (SMR = 1.19, 95%
CI =0.38 to 3.68, 3 deaths) (Hauptmann et al. 2004). One death from squamous-cell
sinonasal cancer was reported in the study of tannery workers among formaldehyde-
exposed workers by Stern et al. (1987). No increase in risk was found among
formaldehyde-exposed workers in the other large cohort studies (Coggon et al. 2003,
Pinkerton ef al. 2004). The smaller cohort studies did not report findings or did not
observe any deaths for this specific endpoint. [Sinonasal cancers are rare, and even the
larger cohort studies have insufficient numbers of exposed workers and expected deaths
(e.g., approximately three in the NCI cohort) to be very informative.]

Of the six case-control studies reviewed, four (Olsen et al. 1984 and Olsen and Asnaes
1986; Hayes et al. 1986; Roush et al. 1987; and Luce et al. 1993) reported an association
between sinonasal cancers and formaldehyde exposure; statistically significant risks were
found in three studies among individuals ever exposed to formaldehyde or with higher
probabilities or levels of exposure (Olsen et al. 1994 and Olsen and Asnaes 1986; Hayes
et al. 1986; and Luce ef al. 1993). All of these studies found elevated risks among
individuals with low or no exposure to wood dust or after adjusting for exposure to wood
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dust. Stronger associations were found for adenocarcinoma, with higher risks for this
endpoint observed among individuals with higher average and cumulative exposure,
duration of exposure, and earlier dates of first exposure (Luce et al. 1993). A pooled
analysis of 12 case-control studies of sinonasal cancer from seven countries (Luce et al.
2002) found statistically significant increases in adenocarcinoma among subjects in the
highest exposure groups (OR = 3.0, 95% CI = 1.5 to 5.7, 91 exposed cases for men,
adjusted for wood dust exposure; and OR = 6.2, 95% CI = 2.0 to 19.7, 5 exposed cases
for women, unadjusted for wood dust exposure). For squamous-cell carcinoma, the
corresponding ORs were 1.2 (95% CI = 0.8 to 1.8, 30 exposed cases) for men and 1.5
(95% CI = 0.6 to 3.8, 6 exposed cases) for women; neither OR was adjusted for wood
dust exposure. A statistically significant increase in risk for sinonasal cancers (mRR =
1.8, 95% CI = 1.4 to 2.3, 933 deaths) was found in a meta-analysis of 11 case-control
studies by Collins et al. (1997); however, no increase in risks was found in meta-analyses
of three cohort studies by Collins et al. (1987) or in eight industrial cohort studies by
Bosetti et al. (2008).

Nasopharyngeal cancers

Similar to sinonasal cancers, nasopharyngeal cancers are rare [and most of the risk
estimates reported in the cohort studies are based on small numbers of expected cases or
deaths]. Among cohort studies, a statistically significant increase in mortality from
nasopharyngeal cancer was observed in the large NCI cohort (SMR = 2.10, 95% CI =
1.05 to 4.21, 8 deaths) (Hauptmann et al. 2004), and statistically nonsignificant elevated
risks were observed among white embalmers from the United States (PMR = 1.89, 95%
CI =0.39 to 5.48, 3 deaths) (Hayes ef al. 1990) and among male Danish workers exposed
to formaldehyde (SPIR = 1.3, 95% CI = 0.3 to 3.2, 4 cases) (Hansen and Olsen 1995,
1996). One incident case of nasopharyngeal cancer was reported among Swedish workers
in the abrasive materials industry (expected deaths not reported, but only 506 workers
were potentially exposed) (Edling ef al. 1987b). No associations between formaldehyde
exposure and nasopharyngeal cancer were found in the other two large cohorts: one death
was observed (vs. 2 expected) in the British chemical workers cohort (Coggon et al.
2003) and no deaths were observed (vs. 0.96 expected) in the NIOSH cohort (Pinkerton
et al. 2004). The other, smaller, cohort studies did not report findings or did not observe
any deaths for nasopharyngeal cancer.

Exposure-response relationships between formaldehyde exposure and nasopharyngeal
cancer were evaluated in the large NCI cohort study. Among seven exposed and two
unexposed deaths, relative risks of nasopharyngeal cancers increased with cumulative
exposure (Pygend = 0.025 among exposed groups) and with peak and average exposure
(Piend = 0.044 and 0.126, respectively, across exposed and unexposed groups, using
unexposed as the referent as no deaths were observed in the lowest exposed group).
Adjustment for duration of exposure to a number of potentially confounding substances
and plant type did not substantively alter the findings. Most of the deaths occurred at one
factory (Plant 1), which appears to have had the largest numbers of highly exposed
workers. In a nested case-control analysis of nasopharyngeal deaths in this plant, Marsh
et al. (2007b) reported that several of the nasopharyngeal cancers occurred among
workers with previous employment in metal-working occupations.
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Six of the nine available case-control studies reported increases in nasopharyngeal
cancers in association with probable exposure to formaldehyde or at higher levels or
duration of estimated exposure (Olsen et al. 1984 [women only], Vaughan et al. 1986a,
Roush et al. 1987, West et al. 1993, Vaughan et al. 2000, and Hildesheim et al. 2001).
Risks of nasopharyngeal cancers increased with exposure duration and cumulative
exposure in two population-based case-control studies (Vaughan et al. 2000, Hildesheim
et al. 2001). In some studies, higher risks were found among individuals in the high-
exposure groups (Vaughan et al. 1986a, Roush et al 1987), or with more years since first
exposure (West ef al. 1993), and some studies reported that risks were still elevated after
taking into account smoking (Vaughan et al. 2000, Vaughan ef al. 1986a, West et al.
1993) or exposure to wood dust (Hildesheim ez al. 2001, Vaughan et al. 2000, West et al.
1993). No associations between nasopharyngeal cancer and formaldehyde exposure were
found in population-based case-control studies in Denmark (Olsen et al. 1984 [men
only]), and Malaysia (Armstrong et al. 2000), a case-cohort study among Chinese textile
workers (Li ef al. 2006), or in a nested case-control study among embalmers (Hauptmann
et al. 2009).

Several meta-analyses were available. A statistically significant increase in risk (mRR =
1.3,95% CI=1.2 to 1.5, 455 deaths) was reported in a large meta-analysis of 12 case-
control and cohort studies (Collins et al. 1997), and a nonsignificant increase in risk in a
small meta-analysis of three other cohort mortality studies (SMR = 1.33, 95% CI = 0.69
to 2.56, 9 deaths) (Bosetti ef al. 2008). Bachand et al. (2010) reported a borderline
statistically significant risk in a meta-analysis of seven case-control studies (mRR = 1.22,
95% CI = 1.00 to 1.50) but did not find an increase in risk (mRR = 0.72, 95% CI = 0.4 to
1.29) in an analysis of data from six cohort studies, which excluded Plant 1 of the NCI
cohort and used the re-analysis data from Marsh et al. (2005) for the other plants. [The
Bachand meta-analysis used data for all pharyngeal cancer or buccal cavity cancer from
some cohort studies and one case-control study, however.]

Other head and neck cancers, and respiratory cancer

Most of the cohort studies reported risk estimates for cancers of the buccal cavity,
pharynx, larynx, and lung, or combinations of these cancers. Most of these studies,
including two of the large cohorts (Pinkerton et al. 2004 and Coggon et al. 2003), three
of the professional health worker studies (Hayes et al. 1990, Walrath and Fraumeni 1983
and 1984), and two of the smaller industrial cohorts (Andjelkovich et al. 1995 and
Hansen and Olsen 1995, 1996) found elevated (between approximately 10% and 30%)
but statistically nonsignificant risks for cancers of the buccal cavity or buccal cavity and
pharynx combined; risk estimates were usually based on small numbers of deaths or
cases. In the NCI cohort, increased risks for all upper respiratory cancers or buccal cavity
cancer combined were generally found among workers in the highest categories of
exposure (compared with the lowest category), but trends were not statistically significant
(Hauptmann et al. 2004).

Most of the population-based or nested case-control studies that reported on head and
neck cancers found small increases (usually statistically nonsignificant) in risks for
formaldehyde exposure and cancers of the buccal cavity and pharynx (or parts of the
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pharynx) (Vaughan ef al. 1986a, Merletti et al. 1991, Gustavsson et al. 1998, Laforest et
al. 2000, Marsh et al. 2002, Wilson et al. 2004, Berrino et al. 2003) or of the upper
respiratory tract (Partanen ef al. 1990). Exposure-response relationships were not clear in
most of the available studies; however, positive exposure-response relationships between
probability and duration of exposure and cancers of the hypopharynx and larynx
combined were reported by Laforest et al. (2000) and between combined probability and
intensity of exposure and salivary cancer by Wilson ef al. (2004). No associations
between formaldehyde exposure and pharyngeal cancers (subtypes or combinations) were
observed in case-control studies by Shangina et al. (2006) and Tarvainen et al. (2008).
Most of the cohort studies and two of the four available case-control studies found no
association between formaldehyde exposure and laryngeal cancer. Two case-control
studies (Wortley et al. 1992, Shangina et al. 2006) reported increased risk among subjects
with the highest exposure to formaldehyde.

Small excesses of mortality or incidence of cancers of the lung or respiratory system
among formaldehyde-exposed workers were observed in four cohort studies
(Andjelkovich et al. 1995, Dell and Teta 1995, Hansen and Olsen 1996 [women only],
and Coggon et al. 2003). A statistically significant increase in risk of lung cancer was
observed in the large study of British chemical workers (SMR = 1.22, 95% CI = 1.12 to
1.32, 594 deaths, among all workers) (Coggon et al. 2003). In this study, risks increased
with increasing exposure level (Pyeng < 0.001) but not with duration of exposure. No
association between formaldehyde exposure and lung cancer was observed in the other
two large cohorts (Pinkerton et al. 2004, Hauptmann et al. 2004), in several of the
smaller cohorts (Bertazzi et al. 1989, Hansen and Olsen 1995 [in men], Edling et al.
1987b, Stellman et al. 1998, Stern 2003), or in the six studies of health professional
workers. Findings from the population-based or nested case-control studies were also
mixed. Increases in risk were reported in several studies (De Stefani ez al. 2005, Gérin et
al. 1989, Andjelkovich ef al. 1994, Chiazze et al. 1997), and were statistically significant
in two studies (Marsh ef al. 2001, Coggon et al. 1984). Risks did not increase with
increasing exposure in most of the studies. An exception is the study by De Stefani et al.
(2005), in which a statistically significant trend with duration of employment was
observed. No association between lung cancer and formaldehyde exposure was reported
in three other occupational case-control studies (Bond ez al. 1986, Jensen and Andersen
1982, Partanen et al. 1990) and one population-based study (Brownson ef al. 1993).

Lymphohematopoietic cancers

Among workers in the NCI cohort study, peak exposure to formaldehyde was associated
with increased mortality for several types of lymphohematopoietic cancers (Beane
Freeman et al. 2009). For all lymphohematopoietic cancers combined, for leukemias
combined, and for myeloid leukemia, relative risks increased with increasing peak
exposure: statistically significant increased risks were found among workers with the
highest peak exposure (> 4 ppm) vs. the lowest exposed category for all
lymphohematopoietic cancers (RR = 1.37, 95% CI = 1.03 to 1.81, 108 deaths, Piend =
0.02), and statistically nonsignificant increases for all leukemias combined and peak
exposure > 4 ppm (RR = 1.42, 95% CI = 0.92 to 2.18, 48 deaths, Pyend = 0.12) and for
myeloid leukemia and peak exposure > 4 ppm (RR = 1.78, 95% CI = 0.87 to 3.64, 19

. 1/22/10



Formaldehyde: RoC Background Document

deaths, Pyend = 0.13; trends among exposed person-years). No associations were found
with cumulative or average exposure.

An excess of leukemia, especially myeloid leukemia, was also found among garment
workers in the large NIOSH cohort (Pinkerton et al. 2004), but not in the British
chemical workers cohort (Coggon et al. 2003). In the NIOSH cohort, risks for leukemia,
myeloid leukemia, and acute myeloid leukemia were higher among workers with longer
duration of exposure (10+ yrs), longer time since first exposure (20+ years), and among
those exposed prior to 1963 (when formaldehyde exposure was thought to be higher)
(Pinkerton et al. 2004). In the smaller industrial cohort studies, some studies reported
excesses for all lymphohematopoietic cancers combined among formaldehyde-exposed
workers (Bertazzi et al. 1989, Stellman et al. 1998) or leukemia (Hansen and Olsen 1995,
1996), but others observed no association for all lymphohematopoietic cancers combined
(Andjelkovich et al. 1995, Stern 2003, Pinkerton et al. 2004) or leukemia (Andjelkovich
et al. 1995, Stellman et al. 1998, Stern 2003).

Each of the six cohort studies of health professionals, and the nested case-control study of
embalmers from three of these studies, found elevated mortality for lymphohematopoietic
cancers. Hall e al. (1991), Hayes et al. (1990), Stroup et al. (1986), Levine et al. (1984)
and Walrath and Fraumeni (1983, 1984) reported increases in risk for all
lymphohematopoietic cancers combined and for leukemia. Most estimates were
statistically nonsignificant with the exception of the studies of Hayes et al. (1990) and
Stroup et al. (1986), where statistically significant excess mortality was found for all
leukemia combined or for myeloid leukemia in association with formaldehyde exposure.
In the nested case-control study by Hauptmann et al. (2009), sufficient numbers of cases
of lymphohematopoietic cancer deaths among embalmers and funeral directors were
identified to enable evaluation of exposure-response relationships, using models of
potential formaldehyde exposure. A significant increase in nonlymphoid
lymphohematopoietic cancers was observed among ever-embalmers (OR = 3.0, 95% CI =
1.0 to 9.5, 44 exposed cases), and significant increases in risk were observed at the
highest levels of cumulative, average, and peak exposure. Most of the increase was
attributable to myeloid leukemia, which was significantly elevated among ever-
embalmers (OR = 11.2, 95% CI = 1.3 to 95.6, 33 exposed cases) and showed significant
trends with duration of exposure and peak exposure, and a more attenuated trend with 8-
hour time-weighted average intensity of exposure. In further analyses of non-lymphoid
lymphohematopoietic cancers using workers with < 500 lifetime embalmings as the
reference group, statistically significant increases in relative risks were found among
workers with the longest duration of working in jobs with embalming, the highest number
of lifetime embalmings, and the highest cumulative exposure to formaldehyde.

With respect to other case-control studies, a population-based study found no clear
association between leukemia and exposure to formaldehyde (Blair ez al. 2001), and two
nested case-control studies reported statistically nonsignificant increases in leukemia risk
based on small numbers of exposed cases (Partanen et al. 1993, Ott et al. 1989).

Few cohort or case-control studies reported findings for subtypes of
lymphohematopoietic cancers other than leukemia. Most of the cohort studies had
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relatively low power to detect effects, and either did not report findings or did not
evaluate exposure-response relationships. For Hodgkin’s lymphoma, the NCI study was
the only cohort or case-control study that reported an increase in risk. In an external
analysis, an SMR of 1.42 (95% CI = 0.96 to 2.10, 25 deaths) was observed among
formaldehyde-exposed workers and, in internal analyses, statistically significant
exposure-response relationships were observed with peak (Pieng = 0.01 among the
exposed group) and average exposure (Pyend = 0.05 among the exposed group), but not
with cumulative exposure (Beane Freeman et al. 2009). For non-Hodgkin’s lymphoma,
statistically non-significant increases in risks were observed in one cohort study (Hayes et
al. 1990), and in most of the population-based or nested case-control studies (Partanen et
al. 1993, Ott et al. 1989, Richardson et al. 2008, Wang et al. 2009a, Tatham et al. 1997,
Blair et al. 1993). The risk of non-Hodgkin’s lymphoma (large B cell type) increased
with increasing probability of exposure (Pyend < 0.01) in a large case-control incidence
study of U.S. women (Wang ef al. 2009a). No increase in non-Hodgkin’s lymphoma was
reported in the population-based case-control study by Gérin et al. (1989), or in the
nested case-control study of embalmers by Hauptmann et al. (2009). For multiple
myeloma, peak exposure of > 4 ppm was associated with a statistically significant
increase in risk in the NCI cohort (RR =2.04, 95% CI = 1.01 to 4.12, 21 deaths, Pieng =
0.08 among the exposed group) (Beane Freeman et al. 2009), although an increase in risk
was also seen among unexposed workers for this endpoint. Increased risks also were seen
among British chemical workers (Coggon et al. 2003), abrasive materials workers
(Edling et al. 1987b), and U.S. embalmers (Hayes et al. 1990). Other cohort studies did
not find associations, based on small numbers of observed deaths or cases, or did not
report findings. Among case-control studies, statistically nonsignificant increases in risks
were observed by Boffetta et al. (1989), Pottern et al. (1992) (women only), and
Hauptmann et al. (2009), but not by Heineman ef al. (1992) (men only).

Several meta-analyses were available. (Hauptmann et al. [2009] was not available for any
of the analyses.) Statistically significant risks were reported for all lymphohematopoietic
cancers and leukemia among cohort studies of health professionals by Bosetti et al.
(2008) (RR =1.31, 95% CI = 1.16 to 1.47, 263 deaths for all lymphohematopoietic
cancers; and RR = 1.39, 95% CI = 1.15 to 1.68, 106 deaths for leukemia) and among
studies of occupations with known high formaldehyde exposure by Zhang et al. (2009a),
(mRR =1.25, 95% CI = 1.09 to 1.43, 19 studies for all lymphohematopoietic cancers
combined; mRR = 1.54, 95% CI =1.18 to 2.00, P < 0.001, 15 studies for leukemia; and
mRR =1.90, 95% CI =1.31 to 2.76, P = 0.001, 6 studies for myeloid leukemia. A
statistically nonsignificant increase in leukemia risk was also estimated among the
combined studies of health professional workers by Bachand ez al. (2010). No increased
risks for leukemia were found in the available meta-analyses of industrial cohorts (Bosetti
et al. 2008, Bachand et al. 2010), or combined cohort and case-control studies (Collins
and Lineker 2004).

Other cancer sites

With the exception of brain and central nervous system cancers, few of the cohort studies
reported consistently elevated risks for cancers at other sites. Few case-control studies of
other cancer endpoints have been conducted. Excess mortality from brain and central
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nervous system cancers has been reported in each of the six cohort studies of health
professionals, with statistically significant SMRs/PMRs (1.94 to 2.7) reported in three
studies (Stroup et al. 1986, Walrath and Fraumeni 1983, 1984). However, in the nested
case-control analysis of brain cancers among embalmers and funeral directors by
Hauptmann et al. (2009), which used subjects from cohort studies of Hayes et al. (1990)
and Walrath and Fraumeni (1983, 1984), a statistically nonsignificant increase in brain
cancers was observed in association with ever-embalming (OR = 1.9, 95% CI = 0.7 to
5.3, 42 exposed cases). There were no clear exposure-response patterns with duration of
employment in embalming jobs, or estimated cumulative, peak, or average exposure to
formaldehyde, however. No increases in brain and central nervous system cancers have
been observed in the industrial cohort studies that have reported findings. A meta-
analysis by Bosetti ef al. (2008) reported a statistically significant increase in the risk of
brain cancer among health professional workers (RR = 1.56, 95% CI = 1.24 to 1.96, 74
deaths), but not among industrial workers.

Several industrial studies have reported increases in one or more of stomach, colon,
rectal, and kidney cancers, and a case-control study of pancreatic cancer (Kernan et al.
1999) suggested an increase in this endpoint at higher levels of formaldehyde exposure.
Two meta-analyses of pancreatic cancer (Ojajéirvi et al. 2000, Collins ef al. 2001) showed
no consistent increase in risk across studies, however, with the exception of a borderline
statistically significant increase among pathologists, anatomists and embalmers.

Studies in Experimental Animals

Formaldehyde has been tested for carcinogenicity in mice, rats, and hamsters. Studies
reviewed include chronic and subchronic inhalation studies in mice, rats, and hamsters;
chronic and subchronic drinking-water studies in rats; and one chronic skin-application
study in mice. No chronic studies in primates were found, but one subchronic inhalation
study and one acute/subacute inhalation study in monkeys was reviewed. [Several of
these studies were limited by a small number of animals per group, short exposure
duration, short study duration, incomplete pathology or data reporting, and/or incomplete
statistical analysis. ]

Formaldehyde exposure resulted in nasal tumors (primarily the extremely rare squamous-
cell carcinoma) in several strains of rats when administered chronically by inhalation
(Kerns et al. 1983a, Sellakumar et al. 1985, Appelman et al. 1988, Woutersen et al. 1989,
Monticello et al. 1996, Kamala et al. 1997). Only two inhalation studies in mice or
hamsters were found. No tumors were reported in C3H mice exposed to formaldehyde at
200 mg/m’ [163 ppm] for 1 hour/day, 3 days/week, for 35 weeks (Horton et al. 1963), but
squamous-cell carcinoma of the nasal cavity occurred in 2 of 17 B6C3F; male mice
exposed at 14.3 ppm for 6 hours/day, 5 days/week, and sacrificed at 24 months (Kerns et
al. 1983a). Although the increase was not statistically significant, the authors concluded
that the tumors were exposure-related. [Biological significance is implied because these
tumors are extremely rare in non-exposed mice and rats; no nasal squamous-cell
carcinomas have been observed in more than 2,800 B6C3F; mice and 2,800 F344 rats
used as controls in NTP inhalation studies.] No tumors were reported in Syrian golden
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hamsters exposed at 10 ppm 5 hours/day, 5 days/week for life (Dalbey 1982) or at 2.95
ppm 22 hours/day, 7 days/week for 26 weeks (Rusch ef al. 1983). No tumors occurred in
male cynomolgus monkeys exposed at 2.95 ppm for 22 hours/day, 7 days/week for 26
weeks (Rusch et al. 1983) or in male rhesus monkeys exposed at 6 ppm for 6 hours/day,
5 days/week for 6 weeks (Monticello et al. 1989); however, squamous metaplasia and
hyperplasia in the nasal passages and respiratory epithelia of the trachea and major
bronchi occurred.

Male Wistar rats administered formaldehyde in drinking water at 5,000 ppm for 32 weeks
developed forestomach tumors (squamous-cell papillomas) in one study (Takahashi et al.
1986); however, in two other drinking-water studies, no tumors were reported in either
male or female Wistar rats administered formaldehyde at concentrations ranging from 20
to 5,000 ppm for two years (Til ef al. 1989, Tobe et al. 1989). In another study, male and
female Sprague-Dawley breeder rats administered formaldehyde at 2,500 ppm in

drinking water. Offspring of these breeder rats exposed transplacentally beginning on
gestation day 13 and postnatally via drinking water for life showed increased incidences
of benign and malignant tumors of the gastrointestinal tract, particularly intestinal
leiomyosarcoma (a very rare tumor). Male Sprague-Dawley rats administered
formaldehyde at concentrations up to 1,500 ppm showed increased incidences (compared
with control groups given tap water) of the number of animals bearing malignant tumors,
hemolymphoreticular neoplasms (leukemia and lymphoma combined), and testicular
tumors (interstitial-cell adenoma) (Soffritti ez al. 2002a). Compared with the vehicle
control group (tap water containing 15 mg/L methanol), the incidence of testicular tumors
was significantly higher in the 1,000-ppm exposure group, and the incidence of
hemolymphoreticular tumors was higher in the 1,500-ppm exposure group. Female rats in
the 1,500-ppm exposure group showed higher incidences of malignant mammary-gland
tumors and hemolymphoreticular neoplasms than the tap-water control group; however,
the incidences were not significantly higher than in the vehicle control group. In addition,
some rare stomach and intestinal tumors occurred in a few male and female rats in the
exposed groups but not in the control groups.

Other studies examined the promoting effects of formaldehyde when administered after
initiation with DBMA, DEN, MNU, or MNNG or cocarcinogenic effects when
administered with coal tar, benzo[a]pyrene, wood dust, and hydrogen chloride. Some of
these studies did not show an enhanced tumor response. However, a few studies,
including a skin-painting study in mice (Iverson et al. 1986), a drinking-water study in
rats (Takahashi et al. 1986), and inhalation studies in rats (Albert e al. 1982, Holmstrom
et al. 1989a) and hamsters (Dalbey ef al. 1986), indicated that formaldehyde could act as
a tumor promoter or act as a co-carcinogen when administered with other substances.

Adsorption, distribution, metabolism, and excretion

Formaldehyde is a metabolic intermediate that is essential for the biosynthesis of purines,
thymidine, and some amino acids. The metabolism of formaldehyde is similar in all
mammalian species studied. Differences in distribution following inhalation exposure can
be related to anatomical differences. For example, rats are obligate nose breathers while
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monkeys and humans are oronasal breathers. Thus, in humans, some inhaled
formaldehyde will bypass the nasal passages and deposit directly into the lower
respiratory tract. The endogenous concentrations in the blood of humans, rats, and
monkeys are about 2 to 3 pg/g and do not increase after ingestion or inhalation of
formaldehyde from exogenous sources (Casanova et al. 1988, Heck et al. 1985, Heck and
Casonova 2004). Although formaldehyde is rapidly and almost completely absorbed from
the respiratory or gastrointestinal tracts, it is poorly absorbed from intact skin. When
absorbed after inhalation or ingestion, very little formaldehyde reaches the systemic
circulation because it is rapidly metabolized by glutathione-dependent formaldehyde
dehydrogenase and S-formyl-glutathione hydrolase to formic acid, which is excreted in
the urine or oxidized to carbon dioxide and exhaled (IARC 2006). Formaldehyde
reaching the circulation is rapidly hydrated to methanediol, which is the predominant
form in the circulation (Fox et al. 1985). Although the metabolic pathways are the same
in all tissues, the data indicate that the route of absorption does affect the route of
elimination. When inhaled, exhalation is the primary route of elimination; however, when
ingested, urinary excretion as formate is more important. Unmetabolized formaldehyde
reacts non-enzymatically with sulthydryl groups or urea, binds to tetrahydrofolate and
enters the single-carbon intermediary metabolic pool, reacts with macromolecules to
form DNA and protein adducts, or forms crosslinks primarily between protein and single-
stranded DNA (Bolt 1987).

Toxic effects

Formaldehyde is a highly reactive chemical that causes tissue irritation and damage on
contact. Formaldehyde concentrations that have been associated with various toxic
effects in humans show wide interindividual variation and are route dependent.
Symptoms are rare at concentrations below 0.5 ppm; however, upper airway and eye
irritation, changes in odor threshold, and neurophysiological effects (e.g., insomnia,
memory loss, mood alterations, nausea, fatigue) have been reported at concentrations <
0.1 ppm. The most commonly reported effects include eye, nose, throat, and skin
irritation. Other effects include allergic contact dermatitis, histopathological
abnormalities (e.g., hyperplasia, squamous metaplasia, and mild dysplasia) of the nasal
mucosa, occupational asthma, reduced lung function, altered immune response, and
hemotoxicity (IARC 2006). Some studies of Chinese workers suggest that long-term
exposure to formaldehyde can cause leucopenia, and one study reported that a
significantly higher percentage of formaldehyde-exposed workers had blood cell
abnormalities (leucopenia, thrombocytopenia, and depressed serum hemoglobin levels)
compared with unexposed controls (reviewed by Tang et al. 2009). Zhang et al. (2010)
reported that Chinese factory workers exposed to high levels of formaldehyde had
significantly lower counts of white blood cells, granulocytes, platelets, red blood cells
and lymphocytes than unexposed controls. /n vitro studies indicated that formaldehyde
exposure caused a significant, dose-related decrease in colony forming progenitor cells
(Zhang et al. 2010). Other studies have shown that formaldehyde exposure affects
changes in the percentage of lymphocyte subsets (Ying et al. 1999, Ye et al. 2005).
Higher rates of spontaneous abortion and low birth weights have been reported among
women occupationally exposed to formaldehyde (IARC 2006, Saurel-Cubizolles et al.
1994). Oral exposure is rare, but there have been several apparent suicides and attempted
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suicides in which individuals drank formaldehyde. These data indicate that the lethal dose
is 60 to 90 mL (Bartone et al. 1968, Yanagawa et al. 2007). Formaldehyde ingestion
results in severe corrosive damage to the gastrointestinal tract followed by CNS
depression, myocardial depression, circulatory collapse, metabolic acidosis, and multiple
organ failure.

The toxic effects of formaldehyde in experimental animals include irritation, cytotoxicity,
and cell proliferation in the upper respiratory tract, ocular irritation, pulmonary
hyperactivity, bronchoconstriction, gastrointestinal irritation, and skin sensitization.
Other reported effects include oxidative stress, neurotoxicity, neurobehavioral effects,
immunotoxicity, testicular toxicity, and decreased liver, thyroid gland, and testis weights
(IARC 2006, Aslan et al. 2006, Sarsilmaz et al. 2007, Golalipour et al. 2008, Ozen et al.
2005, Majumder and Kumar 1995).

In vitro studies have demonstrated that formaldehyde is directly cytotoxic and affects cell
viability, cell differentiation and growth, cell proliferation, gene expression, membrane
integrity, mucociliary action, apoptosis, and thiol and ion homeostasis (IARC 2006).
Since metabolism of formaldehyde is glutathione-dependent, cells depleted of glutathione
are more susceptible to formaldehyde toxicity (Ku and Killings 1984).

Carcinogenicity of metabolites and analogues

Formic acid (formate + H'), the major metabolite of formaldehyde, has not been tested
for carcinogenic effects. Acetaldehyde, an analogue of formaldehyde, is listed as
reasonably anticipated to be a human carcinogen by the NTP (2004). Acetaldehyde
induced respiratory tract tumors in rats (adenocarcinoma and squamous-cell carcinoma of
the nasal mucosa) and laryngeal carcinoma in hamsters. In addition, epidemiological
studies have reported increased risks of cancers of the upper digestive tract (esophagus,
oral cavity, and pharynx) and upper respiratory tract (larynx and bronchi) in humans
(Salaspuro 2009).

Glutaraldehyde and benzaldehyde have also been tested for carcinogenicity in 2-year
bioassays by the NTP. Glutaraldehyde was not considered to be carcinogenic in rats or
mice, and benzaldehyde was not considered to be carcinogenic in rats. The NTP
concluded that there was some evidence of carcinogenicity for benzaldehyde in mice
based on an increased incidence of squamous-cell papilloma and hyperplasia in the
forestomachs of male and female mice (NTP 1999).

Genetic and related effects

Formaldehyde is a direct-acting genotoxic compound that affects multiple gene
expression pathways, including those involved in DNA synthesis and repair and
regulation of cell proliferation. Most studies in bacteria were positive for forward or
reverse mutations without metabolic activation and for microsatellite induction (Mu and
Harris 1988). Studies in non-mammalian eukaryotes and plants also were positive for
forward and reverse mutations, dominant lethal and sex-linked recessive lethal mutations,
and DNA single-strand breaks (Conaway et al. 1996, IARC 2006). In vitro studies with
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mammalian and human cells were positive for DNA adducts, DNA-protein crosslinks,
DNA-DNA crosslinks, unscheduled DNA synthesis, single-strand breaks, mutations, and
cytogenetic effects (chromosomal aberrations, sister chromatid exchange, and
micronucleus induction).

In in vivo studies in rats, formaldehyde caused DNA-protein crosslinks (in the nasal
mucosa and fetal liver but not bone marrow) (Casanova-Schmitz et al. 1994a, Wang and
Liu 2006), DNA strand breaks (lymphocytes and liver) (Im et al. 2006, Wang and Liu
2006), dominant lethal mutations (Kitaeva et al. 1990, Odegiah 1997), chromosomal
aberrations (pulmonary lavage cells and bone marrow in one of two studies) (Dallas et al.
1992, Kitaeva et al. 1990), and micronucleus induction in the gastrointestinal tract
(Migliore et al. 1989). However, it did not induce sister chromatid exchange or
chromosomal aberrations in lymphocytes or micronucleus formation in peripheral blood
(Kilgerman et al. 1984, Speit et al. 2009). Mutations in the p53 gene were detected in
nasal squamous-cell carcinomas from rats (Recio et al. 1992). Inhalation exposure to
formaldehyde also induced DNA-protein crosslinks in the nasal turbinates, nasopharynx,
trachea, and bronchi of rhesus monkeys (Casanova ef al. 1991). In mice, formaldehyde
exposure did not cause dominant lethal mutations (Epstein ef al. 1972, Epstein and
Shafner 1968), micronucleus induction (Gocke et al. 1981), or chromosomal aberrations
(Fontignie-Houbrechts 1981, Natarajan et al. 1983) when exposed by intraperitoneal
injection or induce micronuclei by intravenous or oral exposure (Morita et al. 1997), but
did induce heritable mutations when exposed by inhalation (Liu ez al. 2009b).

In studies of lymphocytes from health professional workers exposed to formaldehyde,
higher levels of formaldehyde-albumin adducts were found in workers exposed to
relatively high concentrations compared with workers exposed to lower concentrations
(Pala et al. 2008) and higher levels of DNA-protein crosslinks, strand breaks, and
pantropic p53 protein levels were found in exposed workers compared with unexposed
workers (Shaham et al. 2003). Wang et al. (2009) found higher levels of DNA adducts
(N°-hydroxymethyldeoxyadenosine [N°~-HOMe-dAdo]) among smokers compared with
non-smokers; however, the source of formaldehyde is not clear (for example, it could be
formaldehyde in tobacco or a metabolite of a tobacco-specific compound). Numerous
studies have evaluated chromosomal aberrations and sister chromatid exchange in
lymphocytes and micronucleus induction in lymphocytes, or nasal or oral epithelial cells
from humans exposed to formaldehyde (primarily health professionals, but also industrial
workers, volunteers and subjects exposed from environmental sources). Among
formaldehyde-exposed subjects, statistically significant increased frequencies (compared
with unexposed, low exposure or pre- exposure vs. post-exposure) of cytogenetic damage
in lymphocytes were observed for chromosomal aberrations in 7 of 12 reviewed studies,
sister chromatid exchanges in 6 of 12 studies and micronuclei induction in 5 of 7 studies
reviewed. In addition to these studies, Zhang et al. (2010) reported that lymphocytes from
workers exposed to high levels of formaldehyde had statistically increased frequency of
monosomy of chromosome 7 and trisomy of chromosome 8. Statistically significant
increased frequencies of micronuclei were also observed in the buccal cavity or oral
epithelium in four of five reviewed studies and in the nasal epithelium in all five

available studies (Note that findings from two studies, Suruda et al. [1993] and Tikenko-
Holland ef al. [1996], evaluating the same study participants are treated as one study in
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this count). In addition to these studies, a review of cytogenetic studies in the Chinese
literature on formaldehyde-exposed workers reported increased incidences of
chromosomal aberrations in lymphocytes (one study) and micronuclei in lymphocytes
and nasal epithelial cells (one study each); however, two studies did find increases in
sister chromatid exchanges in lymphocytes.

Regulation of gene expression by formaldehyde was investigated in eight studies.
Formaldehyde exposure increased expression of genes involved in intracellular adhesion,
inflammation, xenobiotic metabolism, nucleic acid metabolism, cell-cycle regulation,
apoptosis, and DNA repair. Thus, multiple biochemical pathways are affected by
formaldehyde exposure.

Mechanistic considerations

Although the biological mechanisms associated with formaldehyde-induced cancer are
not completely understood, it is important to recognize that chemicals can act through
multiple toxicity pathways and mechanisms to induce cancer or other health effects
(Guyton et al. 2009). Potential carcinogenic modes of actions for formaldehyde include
DNA reactivity (covalent binding), gene mutation, chromosomal breakage, aneuploidy,
and epigenetic effects.

Studies evaluating nasal tumors in rats have shown that regional dosimetry, genotoxicity,
and cytotoxicity are believed to be important factors. Computational fluid dynamics
models have been developed to predict and compare local flux values in the nasal
passages of rats (Kimbrell ez al. 1993, 1997), monkeys (Kepler ef al. 1998), and humans
(Subramaniam et al. 1998). Regions of the nasal passages with the highest flux values are
the regions most likely affected by formaldehyde exposure. Similar flux values were
predicted for rats and monkeys for regions of the nasal passages with elevated cell
proliferation rates, thus providing support for the hypothesis that formaldehyde flux is a
key factor for determining toxic response. Furthermore, DNA-protein crosslinks and cell-
proliferation rates are correlated with the site specificity of tumors (Pala et al. 2008). Cell
proliferation is stimulated by the cytotoxic effects of formaldehyde. Increased cell
proliferation may contribute to carcinogenesis by increasing the probability of
spontaneous or chemically induced mutations. The dose-response curves for DNA-
protein crosslinks, cell proliferation, and tumor formation show similar patterns with
sharp increases in slope at concentrations greater than 6 ppm. The observed sequence of
nasal lesions is as follows: rhinitis, epithelial dysplasia, squamous metaplasia and
hyperplasia, and squamous-cell carcinoma.

Biological mechanisms have been proposed for the possible association between
lymphohematopoietic cancers and formaldehyde exposure. Proposed mechanisms for
formaldehyde-induced leukemia are: (1) direct damage to stem cells in the bone marrow,
(2) damage to circulating stem cells, and (3) damage to pluripotent stem cells present in
the nasal turbinate or olfactory mucosa (Zhang et al. 2009a,b). Evidence in support of the
potential for DNA damage to circulating hematopoietic stem cells is that DNA-protein
crosslinks have been identified in the nasal passages of laboratory animals exposed to
formaldehyde, and increased micronuclei have been identified in the nasal and oral
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mucosa of formaldehyde-exposed humans. In addition, olfactory epithelial cells obtained
from rat nasal passages contain hematopoietic stem cells, which have been shown to re-
populate the hematopoietic tissue of irradiated rats (Murrell ez al. 2005). However, some
authors have questioned the biological plausibility of an association between
formaldehyde exposure and leukemia, because formaldehyde is rapidly metabolized, and
it would not be expected to enter the systemic circulation (Cole and Axten 2004, Golden
et al. 2006, Heck and Casanova 2004, Pyatt et al. 2008). They stated that formaldehyde
does not cause bone marrow toxicity or pancytopenia, which are common features of
known leukemogens, and that the genotoxic and carcinogenic effects in animals and
humans are limited to local effects. [The recent reports of adducts in leukocytes of
smokers (Wang et al. 2009b), albumin adducts in medical research workers (Pala et al.
2008), DNA-protein crosslinks measured in peripheral blood cells of hospital workers
(Shaham et al. 2003), and the hematologic changes measured by Zhang et al. (2010)
suggest that formaldehyde might enter the systemic circulation of humans exposed to
formaldehyde.]
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Abbreviations

ACGIH: American Conference of Governmental Industrial Hygienists
ADC: adenocarcinoma

ADH: alcohol dehydrogenase

AGT: 0°-alkylguanine DNA alkyltransferase (also known as MGMT)
AIPH: 2,2'-azobis-[2-(2-imidazolin-2-yl)propane] dihydrochloride
ALDH: aldehyde dehydrogenase

AML.: Acute myelogenous leukemia

ANOVA: analysis of variance

AOPC: all other pharyngeal cancers (except NPC)

ATSDR: Agency for Toxic Substances and Disease Registry

b.w body weight

BCF: bioconcentration factor

BEAM: Boston Exposure Assessment in Microenvironments

BEI: biological exposure indices

BLS: Bureau of Labor Statistics

BMCR: binucleated micronucleated cell rate

BrdU: 5-bromodeoxyuridine

C: control

CA: chromosomal aberrations

CAS: Chemical Abstracts Service

CDC: Centers for Disease Control and Prevention

CFD: computational fluid dynamics

CHO: Chinese hamster ovary

CLL: chronic lymphocytic leukemia
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cm:
CMBN:
CML:
CNS:
CPBI:
CR:
CYP:
Cyt-B:
Da:
DC:
DDX:

DNA:

DNA-GSH:

DOT:
dpm:

DPX:

EBV:
EPA:
EPHX:
ESTR:

E.U.

FDA:

FDH:

centimeter

cytokinesis-blocked micronucleus assay

chronic myeloid leukemia

central nervous system

cytokinesis proliferation block index

creatinine

cytochrome P450

cytochalasin B

Dalton

decarboxylase

DNA-DNA crosslinks

deoxyribonucleic acid
S-[1-(N*-deoxyguanosinyl)methyl]glutathione

Department of Transportation

disintegrations per minute

DNA-protein crosslinks

exposed

Epstein-Barr virus

Environmental Protection Agency

epoxide hydrase

expanded simple tandem repeats

European Union

female

Food and Drug Administration

formaldehyde dehydrogenase
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FEMA:
FISH:

FR:

GGT:
GI:
GPA:
GSH:

h:

HA:
HazDat:
HCHO:
HE:
HEL:
HFC:
Hg:
HIC:
HID:
HMMEC:s:
HPLC:
HR:
HSA:
HSDB:

Hz:

Lp.:

Federal Emergency Management Agency
fluorescence in-situ hybridization
frequency ratios

gram

gamma-glutamyl transpeptidase
gastrointestinal

glycophorin A

glutathione

hour

hydroxylapatite

Hazardous Substances Release and Health Effects Database

formaldehyde

human erythrocytes

human embryonic lung

high-frequency cells

mercury

highest ineffective concentration

highest ineffective dose

human mucosal microvascular endothelial cells
high performance liquid chromatography
hazard ratio

human serum albumin

Hazardous Substances Data Bank

Hertz

intraperitoneal
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IARC:
ICAM:
ICD:
IFN:
IgG:
IgM:
IMIS:

IRR:

IUPAC:

JEM:

oW+

LC:
LDsy:
LEC:
LED:
LH:

LHC:

LWAE:

MAK:

International Agency for Research on Cancer
intercellular adhesion molecule

International Classification of Diseases
interferon

immunoglobin G

immunoglobin M

Integrated Management Information System
incidence rate ratio

The International Union of Pure and Applied Chemistry
job-exposure matrix

1,000 becquerel (units of radioactivity)
kilogram

soil organic carbon-water partitioning coefficient
octanol-water partition coefficient

liter

liquid chromatography

lethal dose for 50% of the population

lowest effective concentration

lowest effective dose

lymphohematopoietic

lymphohematopoietic cancer

lifetime weighted average exposure

male or molar

cubic meter

maximum workplace concentration
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MAPKs: mitogen-activated protein kinases
mCi: millicuries

MDF: medium-density fiberboard

MDS: myelodysplastic syndrome

mEH: microsomal epoxide hydrolase
MEF: melamine-formaldehyde

mg: milligram, 10 gram

MGMT: O°-methylguanine DNA methyltransferase (also known as AGT)
mL: milliliter

mm: millimeter

mM: millimolar

MN: micronuclei

mol wt: molecular weight

mRNA: messenger RNA

mRR: meta relative risk

MS: mass spectrometry

MTT: methylthiazole tetrazolium

MUF: melamine-urea-formaldehyde

N: sample size

NA: not available

NA-AAF: N-acetoxy-2-acetylaminofluorene

NAcT: N-acetyltransferase

NADPH: nicotinamide adenine dinucleotide phosphate, reduced form
NALT: nasal associated lymph tissue

NAP: not applicable
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NCEs:
NCHS:
NCI:
ND:
NDMA:
NDT:
NF-«B:
ng:
NGEF:
NHANES:
NHL:
NI:
NIEHS:
NIOSH:
NLM:
NMR:
NNK:
NOS:
NPC:
NQ:
NR:
NRC:
NS:
NT:

NTP:

micronucleated normochromatic erythrocytes
National Center for Health Statistics

National Cancer Institute

not detected

N-nitrosodimethylamine

not determined

nuclear factor kappa B

nanogram

nerve growth factor

National Health and Nutrition Examination Survey
non-Hodgkin’s lymphoma

not identified

National Institute of Environmental Health Sciences
National Institute for Occupational Safety and Health
National Library of Medicine

nuclear magnetic resonance
4-(N-nitrosomethylamino)- 1-(3-pyridyl)-1-butanone
not otherwise specified

nasopharyngeal cancer

not quantified

not reported

National Response Center

not significant

not tested

National Toxicology Program
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OH:

OHPC:

OPC:

OR:

OSB:

OSHA:

OVA:

PAH:

PBL:

PCEs:

PCMR:

PCR:

PEL:

PET:

PF:

PGA:

PHA:

PHEMA:

PMR:
POTW:
ppb:
ppbv:

ppm:

Ref:

hydroxyl

oro- or hypopharyngeal
oropharyngeal

odds ratio

oriented strandboard

Occupational Safety and Health Administration
ovalbumin

polycyclic aromatic hydrocarbon
peripheral blood lymphocytes
micronucleated polychromatic erythrocytes
proportionate cancer mortality ratio
polymerase chain reaction
permissible exposure limit
polyethylene terephthalate
phenol-formaldehyde

phenylglyoxylic acid
phytohemagglutinin
phenylhydroxyethyl mercapturic acids
proportionate mortality ratio

publicly owned treatement works
parts per billion

parts per billion by volume

parts per million

correlation coefficient

referent group
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REL:

RLU:

RNA:

RoC:

RTECS:

SB:

S.C.:

SCC:

SCE:

SD:

SDH:

SE:

SEER:

SIR:

SMR:

SNC:

SOC:

SOCMLI:

SPIR:

SSB:

STEL:

TLV:

TRI:

recommended exposure limit

relative light units

ribonucleic acid

Report on Carcinogens

relative risk

RNA-RNA crosslinks

Registry of Toxic Effects of Chemical Substances
DNA strand breaks

subcutaneous

squamous-cell carcinoma

sister chromatid exchange

standard deviation

sorbitol dehydrogenase

standard error of the mean

Surveillance, Epidemiology and End Results program
standardized incidence ratio

standardized mortality ratio

sinonasal

Standard Occupational Classification

Synthetic Organic Chemical Manufacturing Industry
standardized proportionate incidence ratio
single-strand breaks

short-term exposure limit

threshold-limit value

Toxics Release Inventory
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TSH:

TWA:

UDS:

UF:

UFFI:

USITC:

VCAM:

VOC:

WHO:

XRCC:

ne:

thyroid stimulating hormone
time-weighted average

unscheduled DNA synthesis
urea-formaldehyde

urea-formaldehyde foam insulation
United States International Trade Commission
vascular cell adhesion molecule

volatile organic chemical

World Health Organization

X-ray repair cross-complementing group
year

microgram; 10 gram
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1 Introduction

Formaldehyde is a high-production-volume chemical with a wide array of uses. The
predominant use of formaldehyde in the United States is in the production of industrial
resins (mainly urea-formaldehyde [UF], phenol-formaldehyde [PF], polyacetal, and
melamine-formaldehyde [MF] resins) that are used to manufacture products such as
adhesives and binders for wood products, pulp and paper products, plastics, and synthetic
fibers, and in textile finishing. Formaldehyde is also used as a chemical intermediate.
Resin production and use as a chemical intermediate together account for over 80% of its
use. Other, smaller uses of formaldehyde that may be important for potential human
exposure include use in agriculture, medical use as a disinfectant and preservative (for
pathology, histology, and embalming), and use in numerous consumer products as a
biocide and preservative.

Formaldehyde is present in outdoor air as a result of its formation from the combustion of
organic materials (e.g., in automobiles, forest fires, and power plants), its formation from
the breakdown of hydrocarbons in the air, and releases from industrial facilities. In indoor
air, it is present as a result of off-gassing from formaldehyde-containing materials such as
wood products, carpets, fabrics, paint, and insulation, and it is formed from combustion
sources such as wood stoves, gas stoves, kerosene heaters, open fireplaces, and furnaces,
through cooking, and in cigarette smoke. It has been found in numerous foods and
beverages, including drinking water.

Formaldehyde (gas) is listed in the Eleventh Report on Carcinogens (RoC) as reasonably
anticipated to be a human carcinogen based on limited evidence of carcinogenicity in
humans and sufficient evidence of carcinogenicity in laboratory animals (NTP 2005a); it
was first listed in the Second Annual Report on Carcinogens (NTP 1981). Formaldehyde
(all physical forms) was nominated by NIEHS for possible reclassification in the Twelfth
Report on Carcinogens based on the 2004 review by the International Agency for
Research on Cancer (IARC 2006), which concluded that there was sufficient evidence for
the carcinogenicity of formaldehyde in humans.

1.1 Chemical identification

Formaldehyde is the simplest aldehyde. It is a highly reactive gas and is formed by
oxidation or incomplete combustion of hydrocarbons (ChemIDPlus 2009a). Figure 1-1
shows the chemical structure of formaldehyde, and Table 1-1 provides some chemical
identifying information.

O—O0O

H h

Figure 1-1. Chemical structure of formaldehyde
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Commercially, formaldehyde is most often available as 30% to 50% (by weight) aqueous
solutions commonly referred to as formalin (IARC 2006), to which have been added
stabilizers, generally up to 15% methanol or lower concentrations (usually several
hundred milligrams per liter) of various amine derivatives. In the absence of stabilizers,
formaldehyde in solution oxidizes slowly to form formic acid and polymerizes to form
oligomers, including paraformaldehyde (HSDB 2009a).

Table 1-1. Chemical identification of formaldehyde

Characteristic Information References
CAS Registry number 50-00-0 HSDB 2009a
ITUPAC systematic name methanal IARC 2006
Molecular formula CH,O HSDB 2009a
Synonyms Fannoform, Formalith, formalin, formic aldehyde, HSDB 2009a

Lysoform, methanal, methyl aldehyde, methylene
oxide, Morbicid, oxomethane, oxymethylene,
Superlysoform

1.2 Physical-chemical properties

Formaldehyde exists at room temperature as a nearly colorless gas with a pungent,
suffocating odor (ATSDR 1999, HSDB 2009a). Formaldehyde gas is generally stable in
the absence of water, but it is flammable and can be ignited by heat, sparks, or flame.
Vapors form explosive mixtures with air. Formaldehyde gas reacts violently with strong
oxidizing agents and with bases and reacts explosively with nitrogen dioxide at around
180°C (Akron 2009). It reacts with hydrochloric acid to form bis(chloromethyl) ether
(which is listed in the RoC as known to be a human carcinogen). In its pure state,
formaldehyde is not easily handled, because it is extremely reactive and polymerizes
readily.

The physical and chemical properties of formaldehyde are summarized in Table 1-2.
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Table 1-2. Physical and chemical properties of formaldehyde

Property Information References
Molecular weight 30.0 HSDB 2009a
Melting point (°C) -92 HSDB 2009a
Boiling point (°C) -19.5 HSDB 2009a
Specific gravity 0.815 at —20°C/4°C O'Neil et al. 2006
Vapor pressure (mm Hg) 3,890 at 25°C HSDB 2009a
Vapor density (air = 1) 1.067 HSDB 2009a
Critical temperature (°C) 137.2 to 141.2 HSDB 2009a
Solubility HSDB 2009a
water at 20°C 400 g/L
acetone, alcohol, benzene, ether soluble
Octanol-water partition coefficient 0.35 HSDB 2009a
(log Kow)
Dissociation constant (pK,) 13.27 at 25°C HSDB 2009a
Henry’s law constant 3.4 x 107 atm-m*/mol HSDB 2009a
Unit conversion (air concentrations) mg/m’ = 1.23 x ppm (assuming TARC 2006
normal temperature)

The primary form of formaldehyde in dilute aqueous solutions is its monomeric hydrate,
methylene glycol (methanediol) (Figure 1-2), and the primary forms in concentrated
solutions are oligomers and polymers of polyoxymethylene glycols (IARC 2006).
Formaldehyde can also exist as paraformaldehyde, a polymer with 8 to 100 units of
formaldehyde, and as 1,3,5-trioxane, a cyclic trimer (Figure 1-2).

) ] :
Sraun®

H u H

Methylene glycol Paraformaldehyde 1,3,5-Trioxane

Figure 1-2. Chemical structures of hydrated and polymeric formaldehyde

1.3 Formaldehyde Polymers

Paraformaldehyde is a white crystalline powder with the odor of formaldehyde. It has the
molecular formula (CH,0), and is a mixture of linear polyoxymethylene glycols
containing 90% to 99% formaldehyde (O'Neil ef al. 2006, HSDB 2009b).
Paraformaldehyde dissolves slowly in cold water and more readily in hot water, with
evolution to formaldehyde. It is soluble in fixed alkali hydroxide solution, but insoluble
in alcohol and ether. Paraformaldehyde is used as an engineering plastic because it has
good resistance to wear, chemicals, and temperature, a low coefficient of friction, and
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good mechanical properties of strength and stiffness (Inventro 2009). Trioxane is a white
crystalline solid with a chloroform-like odor and the molecular formula (CH,O); (HSDB

2009c). It is stable and easily handled. In acidic solutions, it will decompose to

formaldehyde. Both paraformaldehyde and trioxane are used as low-water-content
sources of formaldehyde. Table 1-3 shows chemical identifying information and some
physical and chemical properties of paraformaldehyde and trioxane.

Table 1-3. Chemical identification and physical and chemical properties of
paraformaldehyde and trioxane

Characteristic/Property

Paraformaldehyde

1,3,5-Trioxane

CAS Registry number

30525-89-4

110-88-3

Molecular formula

(CH,0),"

C3H¢Os

Synonyms

Aldicide, Paraform, polyacetal,
polyformaldehyde, polymethylene

metaformaldehyde, s-
trioxane,

oxide, polyoxymethylene® trioxymethylene

Molecular weight 30.03 (monomer)” 90.08

Melting point (°C) 164 (decomposes) 64

Boiling point (°C) slowly sublimes, forming 114.5 at 759 mm Hg
formaldehyde gas®

Density 1.46 at 15°C 1.17 at 65°C

Vapor pressure (mm Hg) 10.5 at 25°C 13.0 at 77.0°F¢

Vapor density 1.03¢ 3.1°

Water solubility at 18°C 2 x 10° mg/L 1.7 x 10° mg/L
500 mg/L"¢

Octanol-water partition coefficient | NR —0.43"

(log Kow)

Dissociation constant (pK,) 15.50 at 25°C NR

Henry’s law constant NR 1.97 x 10™

Source: HSDB 2009b,c¢ unless otherwise noted.

NR = not reported.
*O’Neil et al. 2006.

°PolymerProcessing 2009 and HSDB 2009b.

“Mallinckrodt 2009.
NOAA 2009.

°ScienceLab 2009a.
'ScienceLab 2009b.

¥The higher-molecular-weight polymers are insoluble in water (ScienceLab 2009b).

"ChemIDPlus 2009b.

1.4 Metabolites and analogues

Formaldehyde is an endogenous metabolic product of N-, O-, and S-demethylation

reactions and an essential metabolic intermediate in all cells (ATSDR 1999, Feick et al.
2006, IARC 2006). It is oxidized to formate, primarily by glutathione-dependent
formaldehyde dehydrogenase. Formate may be excreted in the urine, further metabolized
to carbon dioxide and water, or incorporated into the folic acid metabolic pathway for
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synthesis of nucleic and amino acids. Formaldehyde metabolism and other biological
reactions are discussed further in Section 5.

Analogues of formaldehyde include other low-molecular-weight aldehydes, such as
acetaldehyde, propionaldehyde, butyraldehyde, n-pentanal, glutaraldehyde, and
benzaldehyde. The chemical structures and molecular weights of these compounds are
shown in Table 1-4, and carcinogenicity data for these analogues are discussed in
Section 5.5.

Table 1-4. Some low-molecular weight formaldehyde analogues

Compound Molecular weight Chemical structure
Acetaldehyde 44.1 ﬁ
CH
He”
Propionaldehyde 58.1 ‘i)
H1C CH
3 \C e
Hz
Butyraldehyde 72.1 O
P
Ha
n-Pentanal 86.1 0]
HsC 2 |CH
3 C
AN \C/
H2 H’2
Glutaraldehyde 100.1 0 o]
doow
\C - \C -
Hz Ha
Benzaldehyde 106.1 ﬁ
CH
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2 Human Exposure

Formaldehyde is an important chemical with numerous industrial and commercial uses.
Annual U.S. industrial production in the early to mid 2000s averaged nearly 5 million
tons. In addition to intentional industrial production, formaldehyde is produced
unintentionally from human activities and from natural sources through the breakdown of
hydrocarbons and other precursors. Formaldehyde is also produced endogenously in
humans and other animals. Workers can be exposed to formaldehyde during its
production or during the production or use of derivative products. The general population
can be exposed to formaldehyde primarily from breathing indoor or outdoor air, from
ingestion of food and water, from tobacco smoke, and from use of cosmetic products
containing formaldehyde. In the natural environment, formaldehyde has been detected in
indoor and outdoor air, surface water, rainwater, fog water, groundwater, soil, and food.
Numerous U.S. federal agencies, including the Environmental Protection Agency (EPA),
Food and Drug Administration (FDA), Department of Housing and Urban Development
(HUD), and Occupational Safety and Health Administration (OSHA), have enacted
regulations aimed at reducing formaldehyde exposures.

This section begins with a discussion of formaldehyde’s various uses (Section 2.1).
Section 2.2 discusses industrial production of formaldehyde and formalin, natural sources
of formaldehyde, and endogenous production of formaldehyde in living organisms.
Section 2.3 discusses the issues surrounding biological indices of exposure to
formaldehyde. Occupational exposure levels are presented in Section 2.4 and
environmental levels in Section 2.5. Section 2.6 provides data from studies that have
estimated intake of formaldehyde by the general public from various sources. Section 2.7
provides regulations and guidelines that have been established with the intent of reducing
exposure. Section 2 concludes with a summary (Section 2.8).

Several organizations have prepared review articles on formaldehyde (e.g., ITARC, WHO,
ATSDR); the most recent being a 2006 IARC monograph. These review articles have
been used extensively in this section for information for the period before 2006. In
addition to the review articles, an extensive literature search was conducted as recently as
March 2009, and identified publications were reviewed for inclusion. Throughout this
section, when data are cited from a review article, the primary citation is provided when
available.

The occupational epidemiology studies presented in Section 3 of this document include a
number of international studies; therefore, international occupational exposure data are
included in Section 2.4 (occupational exposure) in addition to U.S. data. For
environmental media, only U.S. levels are provided with the exception of levels that have
been measured in food and bottled water because a possibility of exposure to these
substances exists for the U.S. general public.
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2.1 Use

Formaldehyde has many and varied uses; however, its predominant use in the United
States is in the production of industrial resins, accounting for over 50% of formaldehyde
use in the early to mid 2000s (Bizzari 2007, ICIS 2007). Other major uses include as a
chemical intermediate (~29%), various agricultural uses (~5%), paraformaldehyde
production (~3%), production of chelating agents (~3%), and various minor uses (~5%)
such as in the medical field, in funeral homes, in histology, and in numerous consumer
products (see Figure 2-1).

The predominant formaldehyde-based industrial resins consumed in the United States are
urea-formaldehyde (UF) resins, accounting for 22% of the total formaldehyde consumed
in 2006 (Bizzari 2007). The largest use of UF resins is as a wood adhesive in the
manufacture of composite wood products, mainly particleboard and medium-density
fiberboard (MDF). Bizzari (2007) reported that UF resins account for over 95% of the
adhesives used in manufactured particleboard and that 45% of United States. UF
consumption in 2006 was for particleboard manufacture. Wood adhesives made of UF
resins are also used to produce MDF, hardwood plywood, and other composite-wood
products. UF resins have also been used in the production of glass fiber roofing mats, as
urea-formaldehyde foam for insulation (UFFI) in buildings, and in mining, where hollow
areas are filled with foam (ATSDR 1999).

Three other major resins are produced from formaldehyde: phenol-formaldehyde (PF)
resins, polyacetal resins, and melamine-formaldehyde (MF) resins. In the United States,
PF resins accounted for roughly 18%, polyacetal resins for nearly 12%, and MF resins for
roughly 3% of total formaldehyde consumption in 2006 (Bizzari 2007). Forecasts of U.S.
demand through 2011 show little change in these patterns. Demand for PF, MF, and
polyacetal resins is expected to grow between 0.1% and 3% annually through 2011, while
consumption of UF resins is expected to decline by approximately 0.3% annually,
primarily as a result of decreased particleboard production in the United States (Bizzari
2007).

Formaldehyde is also used as a chemical intermediate in the production of other
chemicals and products. In 2006, the predominant chemicals produced from
formaldehyde (based on the amount of formaldehyde consumed in production) were 1,4-
butanediol (10% of total U.S. consumption) and methylenebis(4-phenyl isocyanate) (11%
of total U.S. consumption) (Bizzari 2007). Formaldehyde also is used in the manufacture
of chelating agents (2.7% of total U.S. consumption in 2006), primarily in the
manufacture of ethylenediaminetetraacetic acid (EDTA) (57%), diethylenetriamine
pentaacetic acid (DTPA) (20%), hydroxyethylethylenediaminetriacetic acid (HEDTA)
(7%), and nitrilotriacetic acid (NTA) (16%) (Bizzari 2007).

Formaldehyde has many other varied uses that account for a small percentage of its total
consumption. It has been used as a disinfectant in hospital wards and operating rooms
and is used as a tissue preservative and disinfectant in embalming fluids (ATSDR 1999,
IARC 2006, Dascalaki et al. 2008). It is used as an antimicrobial in many cosmetic
products, at reported levels of up to 0.5% in lotions, cream rinses, and bubble-bath oils,
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and up to 4.5% in nail hardeners. Other cosmetic products that may contain formaldehyde
include suntan lotions, hand creams, bath products, mascara and eye make-up, cuticle
softeners, nail creams, vaginal deodorants, shaving creams, soaps, shampoos, hair
preparations, deodorants, and mouthwashes. The Agency for Toxic Substances and
Disease Registry (ATSDR 1999) also noted that trace levels of formaldehyde may exist
in cosmetic products as a result of its use as a disinfectant for the equipment used to
manufacture the product. Formaldehyde has been used as a preservative in many
consumer goods, including household cleaning agents, dishwashing liquids, fabric
softeners, shoe-care agents, car shampoos and waxes, and carpet-cleaning agents; these
products generally contain less than 1% formaldehyde. It has been found in moist toilet
tissues for babies at levels exceeding 100 pg/g (100 ppm) (WHO 2002). It also has been
added to finger paint as a preservative and has been measured at levels of 441 to

793 mg/kg in two types of finger paints; formaldehyde was undetectable (limit of
detection = 189 ng) in two other types (Garrigos et al. 2001). It has been used in pet-care
products at levels less than 0.5% and in various glues, epoxies, and adhesives intended
for household use at levels up to 9% (HPD 2009).

In the food industry, formaldehyde has been used for preserving dried foods, disinfecting
containers, preserving fish and certain oils and fats, and modifying starch for cold
swelling (ATSDR 1999). Formaldehyde has been used as a bacteriostatic agent in cheese
and other foods and in juice production, and paraformaldehyde has been implanted into
maple syrup tap holes to deter bacterial growth. Formaldehyde has been used as a
chemical germicide to control bacterial contamination in water distribution systems
(IARC 2006). It also has been used in the animal feed industry as a preservative and to
improve handling characteristics of feed (WHO 2002).

Although formaldehyde has many medical uses, consumption of formaldehyde in this
industry is relatively small, reflecting only about 1.5% of total U.S. volume in the late
1980s (ATSDR 1999). Formaldehyde is used as an antibacterial agent delivered via
hydrolysis of formaldehyde-releasing prodrugs, such as methenamine, used to treat
urinary-tract infections (FDA 2006, MedScape 2006). Rectal instillation, topical
application, and other techniques for administration of formalin solutions (typically 4%
formalin) have been used to treat radiation proctitis (Haas et al. 2007, Leiper and Morris
2007). The synergy between doxorubicin and formaldehyde-releasing prodrugs in killing
cancer cells has been shown to be due predominantly to formaldehyde (Rephaeli et al.
2007). Rephaeli et al. reported that these prodrugs also protected neonatal rat
cardiomyocytes and adult mice against the toxicity of doxorubicin.

Other reported minor medicinal applications for formaldehyde have included its use
during vasectomies, as a treatment for athlete’s foot, as a sterilant for Echinococcus
(tapeworm) cysts prior to their surgical removal, and in dentistry (IARC 1982, 2006).

Formaldehyde has had many uses in agriculture, including use as a fumigant, for
prevention of mildew in spelt wheat and rot in oats, as a preservative in fodder, as a
preplanting soil sterilant in mushroom houses, as a germicide and fungicide for plants
and vegetables, as an insecticide for flies and other insects, as a disinfectant in brooding
houses, in the production of herbicides, for seed treatment, and in the manufacture of
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controlled-release fertilizers (used in agriculture and on residential lawns) (ATSDR 1999,
WHO 2002). Formaldehyde also is used to produce glyphosate, which is the active
ingredient in the herbicide Roundup (Bizzari 2007).

Additional uses of formaldehyde have been reported for the manufacture of glass mirrors,
explosives, artificial silk, and dyes; as a bactericide in coating agents and other chemicals
used in paper mills; for tanning and preserving animal hides; for hardening gelatin plates
and papers, toning gelatin-chloride papers, and chrome printing and developing in the
photography industry; as a biocide for latex, an adhesive additive, and an anti-oxidizer
additive for synthetic rubber in the rubber industry; as a biocide in oil-well drilling fluids
and as an auxiliary agent in petroleum refining; in chemical toilets; in the manufacture of
crease-resistant and flame-retardant fabrics; as an anticorrosive agent for metals; and in
formaldehyde-based resins often used as core binders in foundries (ATSDR 1999, WHO
2002).

Some products are not preserved with formaldehyde directly, but instead, with agents that
break down and release formaldehyde under conditions of usage (WHO 2002, de Groot
et al. 2009). The levels of decomposition and formaldehyde release depend mainly on
temperature and pH (WHO 2002). de Groot et al. (2009) identified 42 substances that
they determined, either unequivocally or with a high degree of certainty, were
formaldehyde releasers (note that this includes chemicals that release formaldehyde as a
result of decomposition, and chemicals synthesized from formaldehyde that may still
contain residues of free formaldehyde, such as formaldehyde resins). Formaldehyde
releasers that are used in cosmetics include quaternium-15, imidazolidinyl urea,
diazolidinyl urea, DMDM hydantoin, and 2-bromo-2-nitropropane-1,3-diol (de Groot et
al. 2009). Other products that often contain formaldehyde releasers are industrial and
household cleaning agents, soaps, shampoos, paints, lacquers, and cutting fluids (WHO
2002). Examples of formaldehyde-releasing antimicrobial agents used in metalworking
fluids are tris(N-hydroxyethyl) hexahydrotriazine, tris(hydroxymethyl)nitromethane and
hexahydro-1,3,4, tris(2-hydroxyethyl)-S-triazine (NIOSH 2001, de Groot et al. 2009). No
data were identified on formaldehyde levels resulting from formaldehyde releasers.

0 1/22/10



2.0 Human Exposure Formaldehyde: RoC Background Document

60.0%

50.0% -
40.0% A

30.0% -

20.0%

10.0% -

0.0% | | B N I

Resins Chemical Agriculture Paraformaldehyde Chelating Agents Other
Intermediates

Figure 2-1. Major uses of formaldehyde in the United States

Resins = UF, PF, MF and polyacetal resins; chemical Intermediates = 1,4-butanediol, methylenebis(4-
phenyl isocyanate), pentaerythritol, hexamethylenetetramine, trimethylolpropane; agriculture = controlled-
release fertilizers and herbicides; chelating Agents = EDTA, DTPA, HEDTA, and NTA.

Source: Bizzari 2007.

Because formaldehyde is fairly easy to make, is costly to transport, and can become
unstable during transport, it usually is produced to satisfy captive requirements for the
production of derivatives or to supply local merchant sales (Bizzari 2007). The uses for
formaldehyde vary regionally within the United States. Almost all formaldehyde
produced in the West is consumed for wood adhesives; formaldehyde produced in the
Gulf region is used primarily in chemical derivatives and to a lesser extent for wood
adhesives; and production in the South and Southeast is used primarily for wood
adhesives and to a lesser extent in chemical derivatives.

Paraformaldehyde is a high-formaldehyde-content product that is commercially available
as 91% or 95% prills; roughly 2.6 metric tons of 37% formaldehyde are required to
produce 1 metric ton of paraformaldehyde (Bizzari 2007). The main applications for
paraformaldehyde are foundry resins and applications where the presence of water could
interfere with a production process. Being a solid, paraformaldehyde is preferred over
aqueous formaldehyde for shipping over long distances (Bizzari 2007).
Paraformaldehyde has been used as a fumigant to decontaminate laboratories and to
disinfect sickrooms, clothing, and linen; in pesticide applications; for making varnish
resins, thermosets, and foundry resins; in the synthesis of chemical and pharmaceutical
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products; in the preparation of disinfectants and deodorants; and in the production of
textile products. In 2006, the production of paraformaldehyde accounted for almost 3%
of U.S. formaldehyde consumption (Bizzari 2007, EPA 2007).

Formaldehyde is also marketed in solid form as its cyclic trimer, trioxane (Bizzari 2007).
In acidic solutions, trioxane decomposes to generate three formaldehyde molecules
(HSDB 2009c). Trioxane and hexamine (C¢H2N4) are the main components of solid
fuel tablets, commonly known as Esbit, which are used by campers, hobbyists, the
military, and relief organizations primarily for boiling water and cooking (ZenStoves
2009). Trioxane is also used in the production of polyacetal resins (Bizzari 2007) and has
many other potential industrial applications (BASF 2006).

2.2 Production

2.2.1 Industrial production

Formaldehyde has been produced commercially since 1889 by catalytic oxidation of
methanol. Currently, the two predominant production processes are a silver catalyst
process and a metal oxide catalyst process (Bizzari 2007).

Formaldehyde is produced and consumed at various concentrations; the data on industrial
levels presented here are based on a concentration of 37% unless otherwise noted. In
2006, worldwide formaldehyde production was around 28 million metric tons [31 million
tons], with Western Europe being the highest producer, at 7.8 million metric tons

[8.6 million tons], and China the second-highest producer, at 7 million metric tons

[7.7 million tons] (Bizzari 2007). In the United States, production has gradually but
steadily increased from 0.9 million metric tons [1 million tons] in 1960 to 4.5 million
metric tons [5 million tons] in 2006. Figure 2-2 shows U.S. formaldehyde production
from 1960 through 2006. Bizzari reported in 2007 that U.S. formaldehyde production
capacity was 5.4 million metric tons [6 million tons] per year.
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Figure 2-2. Formaldehyde production in the United States

Source: Bizzari 2007

In the United States in 2009, formaldehyde was reported to be produced at 39
manufacturing plants (SRI 2009a) by an estimated 12 companies (estimate based on
Bizzari 2007), and paraformaldehyde and trioxane were each produced at one U.S.
manufacturing facility (SRI 2009b,c). In 2009, 36 suppliers of formaldehyde, 25
suppliers of paraformaldehyde, and 11 suppliers of trioxane were identified in the United
States; 152 formaldehyde suppliers in 25 countries were identified internationally, 59
paraformaldehyde suppliers in 15 countries, and 21 trioxane suppliers in 9 countries
(ChemSources 2009a,b,c).

Because of transportation and storage issues associated with formaldehyde, it usually is
produced close to the point of consumption; international trade in formaldehyde is
therefore minimal, accounting for approximately 2% of worldwide production in 2006
(Bizzari 2007). In the United States, formaldehyde imports in 2006 were about 10,000
metric tons [11,000 tons], or roughly 0.2% of consumption, while exports were about
14,000 metric tons [15,400 tons], or about 0.3% of production.

2.2.2 Other production sources

In addition to intentional industrial production, formaldehyde is produced unintentionally
from natural sources and from human activities. Combustion processes account either
directly (i.e., release of formaldehyde) or indirectly (i.e., release of chemicals that are
reduced to formaldehyde in the environment) for most of the formaldehyde entering the
environment (Howard 1989, ATSDR 1999). Combustion sources include automobiles
and other internal combustion engines, power plants, incinerators, refineries, forest fires,
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wood stoves, and cigarettes. Photochemical oxidation of hydrocarbons and other
precursors released from combustion processes can be a significant indirect source of
formaldehyde. Formaldehyde may also be produced in the atmosphere by the oxidation
of methane; this is probably the predominant source of formaldehyde in regions remote
from hydrocarbon emissions. Formaldehyde is also formed in the early stages of
decomposition of plant residues in soil (IARC 2006).

2.2.3 Endogenous production

In humans and other animals, formaldehyde is an essential metabolic intermediate in all
cells and is produced endogenously from serine, glycine, methionine, and choline, and
from the demethylation of N-, O-, and S-methyl compounds (IARC 2006) (see Section
5.1). Zhang et al. (2009a) reported that the endogenous concentration of formaldehyde in
the blood of humans, monkeys, and rats is approximately 2 to 3 mg/L.

2.3 Biological indices of exposure

Direct measures of exposure to formaldehyde normally would involve determination of
formaldehyde or its major metabolite formic acid (or formate) in blood or urine of
exposed individuals. Neither formaldehyde nor formate has been very useful for direct
biological monitoring, for several reasons. Levels of both of these molecules show large
intrapersonal and interpersonal variation even in the absence of formaldehyde exposure
(ATSDR 1999). Because both formaldehyde and formate are simple one-carbon
molecules that are rapidly metabolized and incorporated into the one-carbon pathway or
oxidized to carbon dioxide (Shaham ef al. 2003), most of the formaldehyde taken into the
body becomes unidentifiable as the parent molecule or major metabolite. A further
complication is the formation of formaldehyde in vivo from the metabolism of many
xenobiotics, including carbon tetrachloride, endrin, paraquat, dioxins, and
dichloromethane (ATSDR 1999). Formate can also be part of the metabolic pathways of
chemicals such as methanol, halomethanes, and acetone (ATSDR 1999, Shaham et al.
2003).

Formaldehyde can bind covalently to single-stranded DNA and protein to form crosslinks
or with human serum albumin (HSA) or the N-terminal valine of hemoglobin to form
molecular adducts, and these reaction products of formaldehyde might serve as
biomarkers for exposure to formaldehyde. Pala et al. (2008) reported a significant
relationship between levels of exposure to airborne formaldehyde and formaldehyde-
HSA conjugate (FA-HSA); however, no relationship was observed between exposure
levels and chromosomal aberrations, micronuclei, or sister chromatid exchanges.
Metabolism of formaldehyde and adduct formation are discussed in Section 5.3, and the
potential for these molecules as biomarkers for formaldehyde exposure is described in the
remainder of this section.

Shaham et al. (1996a, 1997) conducted a pilot study to investigate the use of DNA-
protein crosslinks as a biomarker for formaldehyde exposure in humans. DNA-protein
crosslinks were measured in white blood cells from 12 exposed workers (physicians and
technicians) and 8 unexposed controls. The workers had been exposed to formaldehyde
from 2 to 31 years, with a mean of 13 years. Formaldehyde concentrations were
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measured in the room air and in personal samples. Concentrations ranged from about 1.4
to 3.1 ppm. The levels of crosslinks were significantly higher (P = 0.03) in exposed
workers than in controls and significantly higher (P < 0.05) in the most-exposed workers
(technicians) than in less-exposed workers (physicians). Furthermore, the years of
exposure and levels of crosslinks were linearly related. Smoking did not influence the
results. The authors concluded that DNA-protein crosslinks can be used as a method for
biological monitoring of formaldehyde exposure. Zhang ef al. (2009a) reported that the
level of DNA-protein crosslinks observed in the controls were an order of magnitude
higher than those typically reported, and, therefore, the findings need to be replicated in
other molecular epidemiology studies.

Shaham et al. (2003) conducted a follow-up study of the relationship of DNA-protein
crosslinks to occupational exposure to formaldehyde. This study also investigated effects
on p53 protein expression (see Section 5.6.4). The workers included physicians,
laboratory assistants and technicians, and hospital orderlies at 14 hospital pathology
departments, and the workers had a mean exposure period of 15.9 years (range = 1 to 51
years). The exposed group included 59 men and 127 women, who were further divided
into low- and high-exposure subgroups. The low-exposure group, which consisted of
laboratory assistants and technicians, had exposure levels ranging from 0.04 to 0.7 ppm,
while the high-exposure group, which consisted of physicians and orderlies, had exposure
levels ranging from 0.72 to 5.6 ppm. [Note that characterization of the exposure levels of
physicians and technicians as being high or low differed between the two studies by
Shaham et al.] The control group included 213 administrative workers (127 men and 86
women) at the same hospitals. Age distribution, sex, origin, and education differed
significantly between the exposed and control groups; therefore, the data were adjusted
for these variables. DNA-protein crosslinks were measured in the mononuclear-cell
fraction of peripheral blood. The adjusted mean number of crosslinks was significantly
higher (P < 0.01) in the total exposed group than in the control group. The mean number
of crosslinks did not differ significantly by level of exposure or median years of exposure
(£ 16 vs. > 16 years).

Pharmacokinetic modeling suggests that the rate of formation of DNA-protein crosslinks
is dose-dependent (IARC 2006), and it has been suggested that this rate can serve as a
surrogate for the delivered dose of formaldehyde (Casanova et al. 1991, Shaham et al.
2003). DNA-protein crosslinks are also a marker for effect of exposure and are discussed
further in Section 5.

Madison et al. (1991) reported that levels of immunoglobin M (IgM) and

immunoglobin G (IgG) isotypes to FA-HSA were significantly higher in a group of
subjects exposed to formaldehyde from an urea-formaldehyde spill than in a non-exposed
group (see Section 5.4.2 for additional details). Carraro et al. (1999) later developed an
indirect competitive enzyme immunoassay to titrate serum anti-FA-HSA antibodies

using FA-HSA adducts conjugated in vitro. The assay was used to examine two groups of
roughly 90 healthy adults each, using adducts with a different ratio of formaldehyde to
HSA for each group (5:1 and 10:1). The assay was more sensitive and specific with the
10:1 adduct than with the 5:1 adduct. The authors noted that the results of this study
supported the assertion that the FA-HSA adduct is a good marker for formaldehyde
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exposure and concluded that this assay appeared to be able to evaluate immunological
response against this adduct, in particular when the adduct with the 10:1 ratio was used.
They suggested that the assay could be a useful tool for investigating formaldehyde
exposure; however, no follow-up to this study was found in the literature.

Bono et al. (2006) found that the prevalence of N-methylenvaline (a molecular adduct
formed by addition of formaldehyde to the N-terminal valine of hemoglobin) in blood
was significantly higher in exposed workers than in non-exposed controls, and that levels
of N-methylenvaline in blood were positively related to formaldehyde exposures. The
authors concluded that its measurement in blood could be useful as a biomarker for
occupational exposure to formaldehyde. For this study, 21 volunteers occupationally
exposed to formaldehyde were recruited from a plywood factory and a laminate factory;
30 non-exposed workers served as a control group. The procedure for each subject
consisted of the administration of a questionnaire, application of a passive sampler for
one eight-hour working day, collection of a venous blood sample for N-methylenvaline
determination, and collection of a urine sample to investigate the presence of cotinine (a
biomarker for tobacco smoke exposure). Formaldehyde levels in personal air samples
were significantly higher (P = 0.0001) for workers at both factories than for the controls,
whereas the difference between the two factories was not statistically significant. Mean
exposure levels were 0.092 mg/m’ [0.075 ppm] for the plywood factory and 0.076 mg/m’
[0.062 ppm] for the factory producing laminates. N-Methylenvaline distribution in blood
showed a direct positive relationship to formaldehyde exposure ( = 0.465), and
prevalence of the molecular adduct (as nanomoles per gram of globin) was significantly
higher (P < 0.04) in the exposed group than in the control group.

Li et al. (2007a) investigated the formation of antibodies against formaldehyde-protein
conjugates in rats as a potential biological marker for formaldehyde exposure. Male
Sprague-Dawley rats were exposed to formaldehyde in their drinking water (1.6 mg/mL)
for up to 6 months. Blood samples were collected at 3 and 6 months, and antibodies were
measured in the serum. Antibodies were detected in half the animals at both 3 and 6
months, but the antibody titer was higher at 6 months. The antibodies were highly
specific and did not cross-react with malondialdehyde or other albumin adducts. The
antibody against formaldehyde-albumin adducts also recognized formaldehyde-human
albumin conjugates, but only with about one-third the binding affinity. The authors
concluded that anti-formaldehyde-protein conjugate antibodies are a potential biomarker
for formaldehyde exposure.

Li et al. (2007¢c) monitored formaldehyde exposure by measuring urinary concentrations
of thiazolidine-4-carboxylate (a stable cysteinyl adduct of formaldehyde). They also
determined that six genes (BHLHB2, CCNLI, SE20-4, C8FW, PLK2, and SGK1) showed
elevated expression in subjects with high urinary concentrations of thiazolidine-4-
carboxylate, and they suggested that these genes might have the potential to be developed
as biomarkers for formaldehyde exposure.
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2.4 Occupational exposure

No current data were found on the number of U.S. employees who are exposed to
formaldehyde; however, in the late 1980s, the Occupational Safety and Health
Administration (OSHA) estimated that over 2 million U.S. workers were exposed to
formaldehyde, with about 45% of these working in the garment industry (USDL 20009).
OSHA estimated that about 1.9 million workers were exposed to formaldehyde at
concentrations between 0.1 and 0.5 ppm, about 123,000 at concentrations between 0.5
and 0.75 ppm, and about 84,000 at concentrations between 0.75 and 1 ppm. It has been
suggested that because formaldehyde is ubiquitous, occupational exposure occurs in all
workplaces (WHO 2002). Additionally, Fishbein (1992) reported that about 107,000
employees were exposed to formaldehyde at concentrations greater than 1 ppm and about
430,000 employees at concentrations ranging from 0.5 ppm to 1 ppm (time-period of
exposure not reported).

OSHA (1990) stated that formaldehyde exposure can occur in three ways: (1) exposure to
liquid or solid formaldehyde (paraformaldehyde) and the accompanying vapors,

(2) exposure to formaldehyde during primary processing of formaldehyde resins and

other chemicals manufactured from formaldehyde, and (3) exposure to formaldehyde
released from products that contain formaldehyde-based resins. In occupational
environments, formaldehyde occurs mainly as a gas; however, formaldehyde particulates
can be inhaled when paraformaldehyde or powdered resins are used, or when
formaldehyde adsorbs to other particulates such as wood dust (IARC 1995).

Exposure also is possible when formalin solutions or liquid resins come in contact with
the skin or eyes. Animal studies have shown low levels of radioactive excreted in urine
and feces following topical application of '*C-formaldehyde solutions (see Section 5.1.2).
Dermal exposure to liquid formaldeyde solutions has been documented to cause dermal
irritation, allergic contact dermatitis, and skin sensation (ATSDR 1999, de Groot et al.
2009). deGroot et al. (2009) noted that the frequency of positive patch tests to
formaldehyde in the United States is around 8% to 9% of the patients with suspected
contact dermatitis. Based on occupational exposure experience and results in controlled
exposure studies in humans, airborne formaldehyde is a documented eye irritant (see
Section 5.4.2). No data were found on occupational dermal or ocular exposures.

IARC (2006) noted that in the past, the highest continuous exposures have been
measured during the varnishing of furniture and wooden floors, in the finishing of
textiles, in the garment industry, during the treatment of furs, and in certain jobs within
manufactured board mills and foundries. Short-term exposures to high levels have been
reported for embalmers, pathologists, and paper workers. Lower levels have usually been
encountered during the manufacture of synthetic vitreous fibers, abrasives, and rubber,
and in formaldehyde production industries. A very wide range of exposure levels has
been observed in the production of resins and plastic products.

Lavoué et al. (2008) extracted OSHA personal exposure monitoring data for
formaldehyde from the U.S. Integrated Management Information System (IMIS) in order
to develop a retrospective assessment of formaldehyde exposure and to determine what
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factors affect exposure levels. Due to the database design, only detected personal
measurement results (N = 5,228) were analyzed with linear mixed-effect models, which
explained 29% of the total variance. This study did not include 28 measurements that
were below the limit of detection. The authors noted that overall, short-term
measurements were higher than time-weighted average (TWA) measurements. Short-
term measurements decreased 18% per year until 1987, the year in which the OSHA
permissible exposure limit (PEL) was implemented (see Section 2.7.1), and then 5% per
year after that. TWA measurements decreased at a rate of 5% per year until 1987 and 4%
per year thereafter.

Formaldehyde concentrations from IMIS were analyzed, and TWA and short-term levels
were estimated for numerous industries. The highest estimated TWA concentrations were
for the reconstituted wood products, structural wood members, and wood dimension and
flooring industries (geometric mean = 0.2 mg/m’ [0.16 ppm]), and the highest estimated
short-term levels were for the funeral service and crematory and reconstituted wood
products industries (geometric mean = 0.35 mg/m’ [0.28 ppm]). Exposure levels in IMIS
were marginally higher during non-programmed [non-scheduled] inspections compared
with programmed [scheduled] inspections. Increasing exterior temperatures tended to
cause a decrease in exposure levels for cold temperatures (—5% per 5°C increase for
temperatures less than 15°C), but caused increases in exposure levels for warm
temperatures (+15% per 5°C increase for temperatures greater than 15°C).

In a review of formaldehyde exposure in China, Tang et al. (2009) noted that the wood
processing industry had the highest average industrial formaldehyde air concentration,
caused in part by unventilated workshops and a lack of employee safety precautions.

This section provides information on various industries where occupational exposure to
formaldehyde occurs: these include formaldehyde and formaldehyde-based resin
production, wood-based products and paper production, manufacture of textiles and
garments, foundries, production of formaldehyde-based plastics, embalming, histology,
construction activities, fiberglass and mineral wool insulation production, firefighting and
combustion-related exposures, agriculture, office-building exposures, and other
exposures. Tables are provided with exposure levels; where available, information on
sources of exposure and exposure reduction methods is included in the text. In addition to
the review articles discussed above (i.e., WHO 1989, ATSDR 1999, and IARC 2006),
Tang et al. (2009) performed an extensive review of occupational exposure to
formaldehyde in China, and this article is used throughout the occupational exposure
section. As with the other review articles, the primary reference is indicated for the data
from Tang et al.

It is important to note that a variety of sampling and analytical techniques have been used
to estimate formaldehyde air levels, and these differences could impact the comparability
of data across studies. The occupational exposure levels that are presented in this section
include data from both personal-sampling and area-sampling strategies. Although a
number of parameters can impact the levels measured for each sampling strategy (Lavoue
et al. 2006), [personal measurements are more relevant and in general, would be expected
to be higher than area measurements].
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Currently, six analytical methods are listed for the measurement of formaldehyde in the
NIOSH Manual of Analytical Methods: three methods for formaldehyde in air, one for
aldehydes screening in air, one for organic and inorganic gases in air, and one for
formaldehyde on dust. The use of different analytical methods results in differences in
sensitivity and error in the measurement of formaldehyde across studies. For example,
the limits of detection across the three NIOSH methods that are specific to formaldehyde
in air range from 0.07 to 1.0 pg/sample. Also, due to advances in analytical methods,
there are temporal differences in sensitivity and error. In many reports, the sampling and
analytical methods were not provided.

Often, information on the specific resin used in a process was not provided in the source
document; where available, this information is provided with the exposure levels. Within
the exposure-level tables, U.S. data are presented first; then the data generally are sorted
by industry and then by year of publication of the study. Throughout the tables in this
section, concentrations are presented in units of parts per million (ppm). If the
concentrations were presented in milligrams per cubic meter (mg/m’) in the source
document, values were multiplied by a conversion factor of 0.81. The number of
significant digits for the air concentrations varied across studies. Except for some
instances where units were converted, the number of significant digits that were provided
in the source document are provided in the tables.

2.4.1 Formaldehyde and formaldehyde-based resin production

As noted in Section 2.2.1, most industrial production of formaldehyde is in the form of
formalin; an aqueous solution of formaldehyde with small amounts of stabilizers such as
methanol added to prevent polymerization. The predominant industrial use of
formaldehyde is in the production of urea-, phenol-, and melamine-formaldehyde resins,
which are used primarily as binders for wood products such as particleboard, MDF,
plywood, and wood-molding compounds and as laminates for flooring, cabinets,
countertops, furniture, and similar items (Bizzari 2007). Another major use of
formaldehyde is for the production of polyacetal resins, which are used widely in the
production of plastics, industrial machinery, automotive components, and various
consumer and industrial goods (IARC 2006, Bizzari 2007) (see Section 2.4.5).

Jobs with potential exposure during the production of formaldehyde or formaldehyde-
based resins include machine operator, reception and shipping clerk, maintenance
worker, laboratory technician, foreman, and office worker (IRSST 2006). Tasks that may
result in formaldehyde exposure include collecting product samples for analysis,
maintenance and repair operations, filter replacement, bagging, and filling trucks and
barrels. The main factors that affect occupational exposures to formaldehyde include the
condition of the piping and equipment, the presence and efficiency of fume hoods or
local collection systems at the source of the emissions, and the efficiency of the general
ventilation system.

IARC (2006) reported that mean air levels of formaldehyde were less than 1 ppm during
the manufacture of formaldehyde and ranged from less than 1 ppm to more than 10 ppm
during the manufacture of formaldehyde-based resins. Table 2-1 presents exposure data
for formaldehyde and formaldehyde-based resin production. ITARC (2006) noted that
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while obvious differences have been seen in formaldehyde air levels among factories
producing formaldehyde-based resins, no consistent seasonal variation has been
demonstrated. Workers in formaldehyde production may also be exposed to methanol,
carbon monoxide, carbon dioxide, and hydrogen as process gases.

In Canada, formaldehyde production is done in a continuous closed circuit and is
completely automated (IRSST 2006); however, no information was found on whether
processes used in the United States for formaldehyde or formaldehyde-resin production
were open- or closed-circuit or on the potential for releases of formaldehyde to air.

The major steps that can be taken to reduce exposure in this industrial sector include
confining operations that may result in formaldehyde exposure, such as sample
collection, barrel filling, filter cleaning, and tanker-truck filling operations, and installing
hoods above the emission sources. Ensuring proper general ventilation with outside air
will also help reduce exposure levels, and personal protective equipment should be used
where exposure levels are high (IRSST 2006).

Table 2-1. Formaldehyde exposure levels associated with formaldehyde production
and formaldehyde-based resin production

Exposure level
mean (range), Reference

Industry (year measured) N in ppm Location

Formaldehyde production

Formaldehyde manufacture (1983) Stewart ef al. 1987a°
Plant 2 summer 15 0.6 (0.03-1.9) United States
Plant 10 summer 9 0.7 (0.6-0.8)"

Paraformaldehyde packaging (NR) Blade 1983¢
Personal sampling 10 0.55 (< 0.25-0.85) United States
Area sampling 8 1.17 (0.28-3.4)

Formaldehyde production (NR) NIOSH 1980a°
Production operator NR 1.4 United States
Laboratory technician NR 1.31

Formaldehyde production (2001) 48 0.9 (0.4-2.8) Li and Chen 2002

China

Formaldehyde production (1988-97) Zhang et al. 1999°
Oxidation China
Storage 196 1.0 (0.01-1.7)

206 1.1 (0.02-1.5)

Formaldehyde workshops
(1994) 22 0.8 (NR) Cheng et al. 1995°
(1995) NR NR (0-2.3) Huan et al. 2001
(1995) NR NR (0-3.0) Huan et al. 2001°
(1996) 12 2.1 (0.2-6.5) Wang et al. 1997°
(2006) 21 0.024 (0.018-0.036) | Yang 2007a*

China
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Exposure level

mean (range), Reference
Industry (year measured) N in ppm Location
Factory producing formaldehyde and 62 0.2 (0.04-0.4) Holmstrom et al. 1989b°
resins (1979-85) Sweden
Formaldehyde production (1980s) 9 0.3 (NR) Rosen et al. 1984
Sweden

Formaldehyde-based resin production
Resin production (1983-84) Stewart ef al. 1987a°

Plant 1 summer 24 3.4 (0.2-13.2)" United States

Plant 6 summer 6 0.2 (0.1-0.2)*¢

Plant 7 summer 9 0.2 (0.1-0.3)"

Plant 7 winter 9 0.6 (0.4-0.9)

Plant 8 summer 13 0.4 (0.2-0.8)*"

Plant 8 winter 9 0.1 (0.1-0.2)*f

Plant 9 summer 8 14.2 (4.1-30.5)*F

Plant 9 winter 9 1.7 (1.1-2.5)"

Plant 10 summer 23 0.7 (0.3-1.2)*"
Resin and plastic materials production NR 1.39 (NR)® NIOSH 1980a°
(NR) United States
Resin production (1981-82) Heikkila ez al. 1991°

Furan resin production 3 2.3(1.0-3.4) Finland

Maintenance 4 2.9 (1.4-5.5)

UF resin production 7 0.7 (0.6-0.8)
Resin production (1980s) 22 0.5 (NR) Rosen et al. 1984

Sweden

NR = not reported.

"Mean and range of geometric means.
°Cited in IARC 2006.

“Cited in WHO 1989.

ICited in Tang et al. 2009.

“Some of the sampling results were affected by simultaneous occurrence of phenol, which interferes with
the measurement method, leading to artificially low values.
'Some of the sampling results were affected by a simultaneous occurrence of particulates “that contained
nascent formadehyde (leading to high values).”

fData also presented in Table 2-8.

2.4.2 Wood-based products and paper production

The predominant use for formaldehyde-based resins is in the production of wood-based
composites; UF, MF, melamine-urea-formaldehyde (MUF), and PF resins all can be

used, depending on the product being manufactured. Plywood and other laminated wood
products often are referred to as composite-wood products; however, in this section, they
are discussed separately from other wood-based composites, because of important
differences in manufacturing processes and exposure potential. Wood furniture and
paper-product manufacturing also are discussed in this section.
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2.4.2.1 Wood-based composites

The product class of wood-based composites includes particleboard, fiberboard, and
oriented strandboard (OSB), which are differentiated primarily by the type of wood fiber
used (i.e., from large particles to small fibers). Regardless of the type of fiber used, the
manufacturing process is basically the same: (1) the wood fiber is bonded together with a
thermosetting resin to form a mat, (2) the mat is hot pressed, and (3) the pressed mat is
then cooled and allowed to mature (IRSST 2006). The wood fibers typically are bonded
with UF, MF, MUF, or PF resins. During hot pressing, the mat is heated and compacted
to the desired density and thickness, and the resin polymerizes to bind the particles and
stabilize the panel.

UF resins are primarily used in the manufacture of products where dimensional
uniformity and surface smoothness are of primary concern. Conner (2001) reported that
over 70% of the UF resin produced is used by the forest industry in the production of
particleboard (61%), MDF (27%), hardwood plywood (5%), and as a laminating adhesive
(7%). The popularity of UF resins results from a number of factors, including low cost,
ease of use, water solubility, hardness, and lack of color. However, moist conditions,
especially when combined with heat, lead to a reversal of the bond-forming reactions and
result in the release of formaldehyde. For this reason, UF resins are unsuitable for most
outdoor uses and are used almost exclusively for products intended for indoor use. MF
and MUF resins are more resistant to breakdown in moist environments; however,
melamine is much more expensive than urea. MF resins are used primarily for decorative
laminates. PF resins are the most resistant to breakdown from moisture and thus typically
are used in products requiring some degree of outdoor exposure durability, such as OSB.
PF resins also have a darker color, making them generally less suitable for decorative
products such as paneling and furniture (USDA 1999).

The major determinants of worker exposure levels are the type of resin used and the
molar ratio of formaldehyde to the other components (IRSST 2006). IRSST noted that
the emission rate is highest for UF resin and lowest for PF resin. Other parameters that
affect exposure levels include process operating conditions, such as temperature, pressing
time, panel thickness, and maturation time; the presence and efficiency of fume hoods or
other collection systems; and the level of general ventilation. Production areas and
processes associated with formaldehyde exposure include gluing (both glue preparation
and application), board press operations, board cooling operations, maturing and drying,
and storage. Jobs that may result in formaldehyde exposure include resin preparer, press
operator, finisher, laminator, laboratory technician, and maintenance and office
personnel. The main means of controlling exposure to formaldehyde are substitution
(e.g., isocyanate-based products can be used for some applications but have high
toxicity), the use of resins with lower emission rates, confinement of production steps
that produce formaldehyde emissions, the use of hoods and capture devices, good general
ventilation, and the use of personal protection where formaldehyde levels are high.

Process- and product-related changes over the past few decades have led to general
reductions in levels of occupational exposure to formaldehyde, which is reflected in the
data presented by Kauppinen and Niemeld (1985) (as cited in IARC 2006) (see

Table 2-2). Lower mean exposure levels were seen for all operations that were assessed
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during the 1975 to 1984 time period when compared with the 1965 to 1974 time period.
These data indicate that tasks with the highest exposure levels include glue preparation,

hot pressing, and sawing.

Table 2-2. Formaldehyde exposure levels associated with the production of wood-

based composites

Exposure level

mean (range), Reference
Industry (year measured) N in ppm Location
Particleboard production 332 0.46" (NR) Lavoue et al. 2007
MDF production 42 0.33" (NR) Compiled data from
OSB production 2 0.04* (NR) various locations
Particleboard workers (NR) NR 0.69 (0.17-2.93)° Horvath et al. 1988°
United States
Particleboard sanding (NR) NR NR (0.187-0.783) Stumpf et al. 1986°
United States
Fiberboard production
(2003) 60 0.34 (0.09-0.7) Geng et al. 2004
(2005) NR 0.33 (0.11-2.6) Jiang et al. 2006°
China
Blocking
(2002) 40 0.9 (0.3-2.1) Fan et al. 2004°
(2005) NR 0.15 (NR) Shi et al. 2006°
China
Fiberboard sawing and sanding 46 0.03-0.10 (0.01-0.14)° Chung et al. 2000°
(1990s) United Kingdom
OSB plant (1990s)# 20 <0.05 (NR) Herbert et al. 1995
Canada
Particleboard mill (NR) 9 2.4 (1.2-3.5) Malaka and Kodama 1990°
Indonesia
Blockboard mill (NR) 6 0.5 (0.4-0.6) Malaka and Kodama 1990°
Indonesia
Chipboard production (1980-88) 24 1.5(<0.01-8.4) Triebig et al. 1989
Germany
Two particleboard plants and a NR NR (0.08-0.9)" Edling et al. 1988°
laminate plant (1980s) Sweden
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Exposure level
mean (range), Reference
Industry (year measured) N in ppm Location
Particleboard mills (1965-84) Kauppinen and Niemela
Glue preparation 1975-84 10 2.2 (0.3-4.9) 1985"
Blending 1965-74 10 1.0 (0.1-2.0) Finland
Blending 1975-84 8 0.7 (<0.1-1.4)
Forming 1965-74 26 1.7 (< 0.5-4.6)
Forming 1975-84 32 1.4 (0.1-4.8)
Hot press 196574 35 3.4 (1.1-9.5)
Hot press 1975-84 61 1.7 (0.2-4.6)
Sawing 1965-74 17 4.8 (0.7-9.2)
Sawing 1975-84 36 1.0 (<0.1-3.3)
Coating 1965-74 7 1.0 (0.5-1.8)
Coating 1975-84 12 0.4 (0.1-1.2)
Particleboard and MDF production | 40 0.2-0.3 (NR) Rosen ef al. 1984
(1980s) Sweden
Cork compression (1985) 28 2.5 (0.3-37.5) Gao et al. 1988°
China

NR = not reported.

"Median geometric mean from data compiled from 13 studies.

"Mean and range of TWAs. Data also presented in Table 2-8.

‘Cited in ATSDR 1999.

ICited in Tang et al. 2009.

‘Includes both gaseous formaldehyde and formaldehyde extracted from dust for various products;
maximum levels are for formaldehyde extracted from dust.

'Cited in IARC 2006.

®Includes debarking, pre-heat conveyor, post-heat conveyor, and packaging and storage.

"Data from the particleboard and laminate plants are not segregated. Presented is a range of estimated
TWAs; peaks of up to 4 ppm were reported.

2.4.2.2 Plywood and other laminated veneer

This industrial sector involves the manufacture of plywood, veneer, laminated wood, and
panel coating and generally involves gluing together panels of wood veneer or other
materials. Regardless of the end product, the process generally consists of five steps:
gluing, pressing, drying, finishing, and storage. Adhesives used in this industry can be
made of UF, MF, MUF, or PF resins. UF, MF, or MUF resins are used primarily for
decorative products intended for indoor use, while PF resins are used for structural
plywood (softwood plywood) and weather-resistant materials (WSDE 1998, USDA
1999). Methods of applying the adhesives include spraying, curtain coating, roller
coating, extrusion, and foaming (USDA 1999). The veneer panels are laid up by hand,
machine, or a combination of both. The glue is then allowed to partially cure under
pressure. Pressing operations can include cold pressing (pressing at ambient
temperatures), hot pressing (pressing at high temperatures), or a combination of the two.
Hot pressing is used for some UF glues and for all PF glues (WSDE 1998). Pressing
times range from a few minutes to several hours depending on the temperature of the
press, the size of the product, and the type of glue used.
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Sources of exposure within this sector include glue preparation and application, press
operations, drying and storage, maintenance operations, finishing operations, and
packaging and transportation operations. The main factors that affect worker exposure
include the type of resin and the molar ratio used; process operating conditions, such as
temperature, amount of pressure applied and duration of pressing, panel thickness, and
type of wood coating; the presence and efficiency of fume hoods and local collection
systems; and the efficiency of the general ventilation system (IRSST 2006). Measures to
control exposure include product substitution (e.g., isocyanate resins are available, but
their toxicity is high), the use of resins with lower emission rates (PF resins release less
formaldehyde during curing than UF resins), confinement of production steps that
produce formaldehyde emissions, installation of fume hoods above the sources of
emissions, sufficient levels of ventilation in the finishing and storage areas to dissipate
residual formaldehyde emissions, and the use of personal protection where exposure
levels are high. The extent to which these measures have been implemented in the United
States is not clear, but large-scale replacement of UF by PF does not appear to have
occurred over the last 30 to 40 years. The relative use of UF has remained consistently
higher than that of PF since 1970 when they represented 27% and 23%, respectively, of
total 37%-formaldehyde consumption in the United States compared with 22% and 18%,
respectively, in 2006 (Bizzari 2007).

Numerous process- and product-related changes over the past few decades have led to
general reductions in occupational exposure levels, as can be seen in Table 2-3. Of
particular interest are data reported for several different processes for the periods 1965 to
1974 and 1975 to 1984 by Kauppinen (1986) (as cited in IARC 2006); mean exposure
levels for all operations assessed during 1975 to 1984 had decreased from 1965 to 1974.
Based on these data, tasks with the highest exposure levels include glue preparation and
hot pressing, and major exposure-level reductions were seen for these tasks.

Table 2-3. Formaldehyde exposure levels associated with the manufacture of
plywood and laminates

Exposure level
mean (range), Reference
Industry (year measured) N in ppm Location
Plywood paneling manufacture Stewart ef al. 1987a"
(1983-84) United States
Winter 27 0.2% (0.08-0.4)
Summer 26 0.08°(0.01-0.5)
Plywood panels production 8 0.075 (NR) Bono et al. 2006
Laminates production 13 0.062 (NR) NR
Plywood mill (2000) Fransman et al. 2003°
Dryers 14 0.06" (NR) New Zealand
Composers 2 0.02" (NR)
Pressing 5 0.13* (NR)
Finishing end 1 0.03" (NR)
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Exposure level

mean (range), Reference
Industry (year measured) N in ppm Location
Plywood mill (1996-97) Makinen et al. 1999°
Patching 6 0.06 (0.02-0.08) Finland
Feeding of drying machine 6 0.05 (0.01-0.12)
Forklift driving 6 0.06 (0.02-0.16)
Scaring [scarfing] 6 0.11 (0.06-0.2)
Assembly (machine 1) 4 0.24 (0.08-0.66)
Assembly (machine 2) 6 0.12 (0.08-0.22)
Hot pressing 5 0.11 (0.07-0.19)
Glue preparation 2 0.12 (0.06-0.19)
Finishing 4 0.07 (0.06-0.11)
Carrying plywood piles 2 0.05 (0.04-0.06)
Finishing 2 0.04 (0.01-0.006)
Plywood factory (NR) Ballarin et al. 1992
Warehouse 3 0.32 (0.17-0.49) Italy
Shearing press 8 0.08 (0.07-0.11)
Sawmill 1 0.07 (1 sample)
Plywood mill (NR) 40 0.6 (0.2-2.3) Malaka and Kodama 1990°
Indonesia
Plywood mills (1964—84) Kauppinen 1986°
Glue prep 1965-74 15 2.2 (0.6-5.0) Finland
Glue prep 1975-84 19 0.7 (0.1-2.3)
Assembly 1965-74 32 1.5(<0.1-4.4)
Assembly 1975-84 55 0.6 (0.02-6.8)
Hot press 1965-74 41 2.0 (<0.1-7.7)
Hot press 1975-84 43 0.5 (0.06-2.1)
Sawing 1965-74 5 0.5 (0.3-0.8)
Sawing 1975-84 12 0.1 (0.02-0.2)
Coating 1965-74 7 1.0 (0.5-1.8)
Coating 1975-84 28 0.3 (0.02-0.6)
Plywood production (1980s) 47 0.3 (NR) Rosen et al. 1984°

Sweden

NR = not reported.
3Geometric mean.
°Cited in IARC 2006.

2.4.2.3 Wood furniture

Most furniture is manufactured from either wood-based composite or hardwood, and the
manufacturing process can be generalized into four steps: (1) processing (sawing,
sanding, assembly, inspection), (2) painting, staining, or varnishing (mixing, applying,
drying, sanding, repair), (3) upholstery and installation of hardware, and (4) packaging
and shipping (IRSST 2006). IRSST (2006) noted that most of the adhesives used in the
industry do not emit formaldehyde; although wood-based composites and veneers may
emit some formaldehyde, the main source of formaldehyde in this industry originates
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from finishes used on the furniture. Formaldehyde-based resins often are used to
crosslink more flexible resins, providing finishes that have good scratch and chemical
resistance for use in furniture surface coatings (TIG 2005).

Exposure determinants include the type of varnish used; process operating conditions,
such as the nature of the spraying systems, drying time, and the location of operations;
work methods employed; the presence and efficiency of varnishing booths and other
local collection systems at the source; and the efficiency of the general ventilation system
(IRSST 2006). Tasks that can result in formaldehyde exposure include paint preparation,
application of primers and varnishes, sanding between coats, unloading of furniture from
ovens, repair tasks, installation of hardware, cleaning of application guns, and
maintenance. Sources of formaldehyde release include releases from varnish use and
storage, paint booths, furniture drying operations, and furniture storage. Jobs that may
result in exposure include laborer, painter, finish operator, repair and maintenance
personnel, finisher/shipper, supervisor, and office personnel.

Exposure control measures can include product substitution (i.e., use of formaldehyde-
free coatings), confinement of operations with high emissions (e.g., preparation and
application of varnish and paint in booths), good local and general ventilation, good work
methods (such as proper use of capture devices), and the use of personal protection where
formaldehyde levels are high (IRSST 2006). Table 2-4 provides formaldehyde levels that
have been measured in the wood furniture manufacturing industry.

Table 2-4. Formaldehyde exposure levels associated with wood furniture

manufacturing

Exposure level

mean (range) Reference
Operation (year measured) N (ppm) Location
Wood processing
(1995) 104 2.5 (0.6-15.6) Feng et al. 1996"
(1990-98) 72 0.75 (NR) Pan et al. 2000"
(1990-98) 90 0.71 (NR) Pan et al. 2000"
China
Woodworking shops (1990s) Abdel Hameed et al. 2000°
Ventilated workshop 14 0.42 (0.28-0.54) Egypt
Unventilated workshop 14 0.64 (0.48-0.84)
Manufacture of furniture (NR) Vinzents and Laursen 1993°
Painting 43 0.16 (2.25)° Denmark
Gluing 68 0.12 (2.87)°
Furniture factories (1981-86) Heikkila ez al. 1991°
Gluing 73 0.3 (0.07-1.0) Finland
Machining in finishing department 9 0.3 (0.1-0.9)
Varnishing 150 1.1 (0.1-6.3)
Furniture factory (NR) NR 0.20? (0.16-0.4) Holmstrom et al. 1989b°

NR
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Exposure level
mean (range) Reference
Operation (year measured) N (ppm) Location
Furniture factories, finishing with Alexandersson and
paints (NR) Hedenstierna 1988°
Paint mixer/supervisor 6 0.2 (0.1-0.4) Sweden
Mixed duties on the line 5 0.4 (0.3-0.5)
Assistant painter 3 0.5 (0.2-0.7)
Spray painter 10 0.4 (0.1-1.1)
Feeder/receiver 13 0.2 (0.1-0.8)
Furniture factory (1975-84) Priha et al. 1986)°
Feeding painting machine 14 1.1 (0.3-2.7) Finland
Spray painting 60 1.0 (0.2-4.0)
Spray painting assistant 10 1.0 (0.2-1.6)
Curtain painting 18 1.1 (0.2-6.1)
Before drying of varnished furniture 34 1.5(0.14.2)
After drying of varnished furniture 14 1.4 (0.2-5.4)
Furniture factory, varnishing (1980s) 32 0.7 (NR) Rosen et al. 1984
Sweden
Wood furniture manufacture (NR) >33 0.12-2.75 (0.01-6.4)" | Herrick ez al. 19838
NR
Cabinetmaking (NR) 48 max. =<0.1 Sass-Kortsak ef al. 1986°
Canada

NR = not reported.

*Cited in Tang et al. 2009.

"Cited in TARC 2006.

‘Geometric mean and standard deviation.

Median.

°Cited in ATSDR 1999.

‘Range of means and full range across four datasets.
£Cited in WHO 1989.

2.4.2 4 Paper products

Formaldehyde-based products can be used for various purposes in paper production. UF
and MF resins can be added to fiber slurries before pressing to increase paper strength,
and UF, MF, and PF resins often are used as coatings for various types of paper products
(IARC 2006, TIG 2005). UF resins are used as adhesives in paper bags, cardboard, and
sandpaper, and formaldehyde is used as a bactericide in some paper-coating agents.

In paper-coating operations, the primary sources of emissions are from the dipping or
coating operations and from drying ovens (WSDE 1998), which is reflected in the data
presented in Table 2-5. Emissions from storage tanks and from areas where resin blends
are prepared can also be a source of exposure. In a large epidemiological study of
workers in 12 countries employed in the production departments of paper and paperboard
mills and recycling plants, the highest exposure levels were observed during the
calendering or on-machine coating operations (IARC 2006).
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Table 2-5. Formaldehyde exposure levels associated with the manufacture of paper

and paper products

Exposure level

mean (range), Reference
Industry (year measured) N in ppm Location
Lamination and impregnation of paper with Stewart ef al. 1987a"
MF and PF resins (1983) United States
Summer 53 0.7* (< 0.01-7.4)
Winter 39 0.3* (0.05-0.7)
Paper and paperboard manufacture, coating 11 0.51, 1.0 (< 0.01-3)° NIOSH 1980a*
preparation (NR) United States
Manufacture of treated paper products (NR) 101 0.34, 0.59° (0.14-0.99)° | NIOSH 1979b°
United States
Paper and paperboard manufacture, resin 62 0.05-0.08 (0.01-0.28)° NIOSH 1976b°
impregnation (NR) United States
Pulp and paper industry (1950-94) Korhonen et al. 2004°
Pulping, refining of stock 25 0.5 (0.0-3.1) 12 countries (specific
Newsprint and uncoated paper machine 7 0.15 (0.04-0.46) countries not reported
Fine and coated paper machine 51 1.1 (0.01-9.9) by IARC)
Paperboard machine 8 0.5(0.2-2.2)
Paper/paperboard machine 228 0.4 (0.0-6.6)
Calendering or on-machine coating 166 4.2 (0.0-50)
Winding, cutting, and grading 111 0.2 (0.0-1.1)
Repulping of waste paper 8 0.2 (0.05-0.4)
Paper mill (1968-73) FIOH 1994°
Gluing, hardening, lamination, and rolling 12 0.9 (0.3-2.5) Finland
of paper
Impregnation of paper with phenol resin 38 7.4 (< 1.0-33)
Paper storage, diesel truck traffic 5 0.3 (0.2-0.4)
Paper mill (1975-84) Heikkila et al. 1991°
Coating of paper 30 0.7 (0.4-31) Finland
Gum paper production 4 0.4 (0.3-0.6)
Impregnation of paper with amino resin 6 3.1(0.5-13)
Impregnation of paper with phenol resin 20 0.1 (0.05-0.3)
Paper production (1980s) Rosen et al. 1984°
Laminated paper 23 0.3 (NR) Sweden
Offset paper 8 0.2 (NR)
Map printing (1985) 28 0.52 (0.03-1.46) Gao et al. 1988"

China

NR = not reported.

*Geometric mean. The authors noted that the simultaneous occurrence of phenol in summer interfered with
the measurement method, resulting in artificially low values, and that occurrence of particulates (regardless

of season) resulted in some high values due to off-gassing of formaldehyde from dust.

°Cited in IARC 2006.

‘Range of means (or medians if denoted) and full range across two or three sets of data.

4Cited in WHO 1989.
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“Median.
'Cited in Tang et al. 2009.

2.4.3 Manufacture of textiles and garments

Formaldehyde-based resins are used in the textile industry during the chemical finishing
stage to impart crease-resistant and flame-retardant properties and to prevent shrinkage
(IRSST 2006). Formaldehyde-based resins have been used for crease resistance since the
1950s. Early resins contained substantial amounts of extractable formaldehyde; however,
modifications in the resins have decreased free formaldehyde levels from about 0.4% to
0.01% or less, which has also resulted in lower occupational exposure levels (IARC
2006). IARC (2006) reported the results of a study in which formaldehyde air levels
increased from 0.1 to 1.0 ppm when formaldehyde content in the fabric increased from
0.015% to 0.04%. In another study, formaldehyde air levels in cutting rooms decreased
from over 10 ppm in 1968 to less than 2 ppm in 1973 as a result of improvements in resin
treatment processes (IARC 2006).

The finishing process involves impregnating the fabric in an aqueous solution and then
pressing it to remove the excess solution (IRSST 2006). The main factors that affect
worker exposure to formaldehyde include the types of processes and products used, the
presence and efficiency of fume hoods and emission collection systems, and the level of
general ventilation. Jobs that may result in formaldehyde exposure include resin preparer,
process operators (various types), colorist, and maintenance worker. The main means of
controlling exposure include use of formaldehyde-free finishes, the use of fume hoods at
the source of emissions, sufficient general ventilation, and the use of personal protective
equipment where formaldehyde levels are high.

In addition to gaseous formaldehyde exposure, workers can be exposed to formaldehyde
bound to dust. TARC (2006) presented results of a study in a garment production facility
in the United States where formaldehyde gas levels ranged from 26 to 36 pg/m’ [0.02 to
0.03 ppm] and levels of formaldehyde bound to dust ranged from 0.2 to 0.7 pg/m’
[0.0002 to 0.0006 ppm]. Workers in this industry may also be exposed to ammonia,
dimethylthiourea, textile dyes, flame retardants, carrier agents, textile-finishing agents,
and solvents (IARC 2006). The use of formaldehyde in garments can also result in
formaldehyde exposure in retail shops and potentially of end users (ATSDR 1999, IARC
2006). Formaldehyde exposure levels associated with textile and garment manufacture
are presented in Table 2-6.
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Table 2-6. Formaldehyde exposure levels associated with the textile and garment

industries
Exposure level
mean (range), Reference
Operation (year measured) N in ppm Location
Textile manufacture (NR) 19 0.53, 0.69 (0.11-1.33)* NIOSH 1981°
United States
Textile warehouse (NR) 22 0.25, 0.31 (0.04-0.73)" NIOSH 1979a°
United States
Textile facilities (NR) 43 0.7,0.8 (<0.1-1.4)° NIOSH 1979b°
United States

Textile and shoe industry
Resin collar (1989, summer) 18 NR (0.18-0.5) Tao et al. 1990°
Resin collar (1989, winter) 9 NR (1.13-4.5) Tao et al. 1990°
Paint/production (2000) 56 1.56 (0.33-3.5) Pan et al. 2001°

China

Textile mills (1980s) Rosen et al. 1984°
Crease-resistance treatment 29 0.2 (NR) Sweden
Flame-retardant treatment 2 1.2 (NR)

Textile plant (1975-78) Nousiainen and
Finishing department mixing 8 0.8 (<0.2->5.0) Lindqvist 1979°
Crease-resistance treatment 52 0.4(<02->3) Finland
Flame-retardant treatment 67 1.9 (<0.2->10)

Other finish treatment 17 0.3 (max. = 1.3)
Fabric store 6 0.8 (0.1-1.3)
Garment manufacturing (NR) 32 0.16-0.24 (0.14-0.30)" Echt and Burr 1997¢
United States

Sewing plant (NR) Luker and Van Houten
0.04% formaldehyde fabric 9 1.0 (0.5-1.1) 1990°
0.015% formaldehyde fabric 9 0.1(<0.1-0.2) United States

Use of fabric treated with 326 ~0.2 (<0.1-0.4) Elliott et al. 1987°

formaldehyde-based resins (1980s) United States

Use of crease-resistant cloth (NR) 181 NR (<0.1-0.9) Blade 1983°

United States

Clothing production warehouse 22 0.12, 0.39 (0.04-0.57)" NIOSH 1979a°

(NR) United States

Sewing machine operators (NR) 57 0.72, 1.2 (0.3-1.8)" NIOSH 1979a°

United States
Clothing pressers (NR) 40 0.07 (0.005-0.95) NIOSH 1976a°

United States
Permanent-press clothing 41 0.31, 0.74 (0.0-2.7)" USDHEW 1966, 1968°

production (NR)

United States
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Exposure level
mean (range), Reference
Operation (year measured) N in ppm Location
Cut & spread and turn & ticket 48 <0.01-0.04 (NR) Kennedy et al. 1992°
operations (NR) NR
Garment industry (1981-86) 50 0.1-0.2 (0.02-0.7)" Heikkila et al. 1991°
Finland
Shirt manufacturing (NR) NR NR (0.1-1.0) Stayner et al. 1985,
Stayner et al. 1988%
NR
Garment manufacturing (NR) 168 0.19-0.46 (< 0.03-1.2)* Blade 1983°
NR
Fabric shops (NR) 77 0.14 (0.03-0.28) McGuire et al. 1992°
United States
Retail dress shops (1959) NR NR (0.1-0.5) Elliott et al. 1987°
United States
Fabric shops (1985-87) 3 0.17 (0.12-0.24) Priha et al. 1988°
Finland

NR = not reported.

"Means or range of means and full range across two to four datasets.

*Cited in WHO 1989.

‘Medians and full range across two datasets.

ICited in Tang et al. 2009.

‘Cited in IARC 2006.

‘Range of means for different measurements of formaldehyde as gas and bound to particulates.
£Cited in ATSDR 1999.

2.4.4 Foundries

The foundry process consists of pouring molten metal into a mold to obtain a cast product
of specific shape. The mold can also contain a core that determines the dimensions of any
internal cavity of the final product. Formaldehyde-based resins (both UF and PF) are
commonly blended with sand to produce the molds and cores used in foundries (IARC
2006). Important manufacturing steps in the foundry process include manufacturing and
assembling the molds and cores, melting the metal, pouring the metal into the mold,
cooling the molded part, removing the mold and core (shake-out), and dressing and
deflashing (IRSST 2006).

Tasks with potential formaldehyde exposure include molding-sand preparation, mold and
core preparation, pouring of the molten metal into the mold, and shakeout operations
(IRSST 2006). The main factors affecting worker exposure to formaldehyde include
production variables (i.e., the molding and core-making processes employed and the
types of metals processed), the percentage of free formaldehyde in the binder, the sizes of
the molds and cores, the presence and efficiency of fume hoods and other emission
collection systems, and the level of general ventilation (IRSST 2006). The main means of
controlling formaldehyde exposure include use of mold and core-making materials that

do not contain formaldehyde, replacement of hot-mold production processes with cold-
hardening processes, using resins with lower emission rates, confinement of production
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steps that produce formaldehyde emissions, installation of fume hoods at emission
sources, sufficient general ventilation, and use of personal protective equipment for tasks
where the formaldehyde concentration is high. In a study assessing formaldehyde levels
in foundry sand, Oliva-Teles et al. (2009) reported that formaldehyde content in used
foundry sands decreased with time, as formaldehyde was released to the occupational
environment. Data presented by Heikkild ef al. (1991) (as cited in IARC 2006) showed
major reductions in formaldehyde exposure levels for core-making operations from the

1970s to the 1980s (see Table 2-7).

Other chemicals to which workers potentially are exposed in the foundry industry include
silica and other mineral dusts, polycyclic aromatic hydrocarbons, asbestos, metal fumes
and dusts, carbon monoxide, isocyanates, phenols, organic solvents, and amines (IARC

20006).

Table 2-7. Formaldehyde exposure levels associated with foundries

Exposure level

mean (range), Reference
Operation (year measured) N in ppm Location
Iron foundry core machine operator (NR) 14 0.43% (< 0.02-18.3) NIOSH 1979b°
United States
Bronze foundry, core machine operator 15 0.39, 0.53 (0.12-0.80)° NIOSH 1976¢"
(NR) United States
Foundries (before 1975 through 1986) Heikkila et al. 1991¢
Core-making before 1975 43 2.8 (<0.1->10) Finland
Core-making 1981-86 17 0.3 (0.02-1.4)
Casting 1981-86 10 0.2 (0.02-0.2)
Molding 1981-86 25 0.3 (0.04-2.0)
Foundry molder (NR) 36 0.1 (0.02-0.22) Ahman et al. 1991
Sweden
Foundry (1980s) Rosen et al. 1984
Hot-box method 5 1.5 (NR) Sweden
Molding 17 0.1 (NR)
NR = not reported.
"Median.

°Cited in WHO 1989.

‘Means and full range across two datasets.

4Cited in IARC 2006.

2.4.5 Production of formaldehyde-based plastic products

Formaldehyde-based resins (UF, MF, and PF) are used as hardenable molding materials

in plastics that are used to produce a number of end products, including electrical
insulation, melamine tableware, lawn and garden equipment, plumbing fixtures, and
various other products (WHO 1989, OSHA 1990, ATSDR 1999, IARC 2006). A growing
application for UF and MF molded compounds is to cut the cured resin into small,
granular-sized particles for use as an alternative to sand in sandblasting operations (TIG
2005). Polyoxymethylene (also called acetal resin, polytrioxane, or paraformaldehyde) is
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a very strong and hard plastic that is formed through the polymerization of formaldehyde
and is an important engineering polymer commonly used to make gears, bushings, and
other mechanical parts (WHO 1989, ATSDR 1999, DuPont 2009). Because
polyoxymethylene is lightweight and harder, tougher, and longer lasting than other
plastics, it is used in many applications where metals previously were used, such as in
motor vehicles, machine parts, household appliances, and plumbing fixtures.
Formaldehyde also has been used for synthesizing polyols, such as pentaerythritol and
trimethylolpropane, which are used to manufacture polyurethane plastic and alkydes
[alkyds] (KEMI 1993); however, no information on formaldehyde release or occupational
exposure was found for this use.

In 1990, OSHA noted that the plastics industry was the second-largest user of
formaldehyde, behind the compressed-wood industry, and that formaldehyde-based
resins used in the production process were capable of releasing formaldehyde when
subjected to heat or compression during the molding process (OSHA 1990). IRSST
(2006) noted that the plastics production industry is continually evolving and that various
starting materials and manufacturing processes are used; however, regardless of the
process or the type of plastic being manufactured, the heating stage will result in the most
significant formaldehyde emissions.

Exposure levels depend primarily on the materials used, the processes employed, the
presence and efficiency of emissions collection systems, and the level of general
ventilation at the production facility (IRSST 2006). Exposure-reduction methods include
confinement of production steps that produce formaldehyde emissions, installation of
fume hoods above the emission sources, adequate general ventilation, and the use of
personal protective equipment for tasks where formaldehyde concentrations are high.

IARC (2006) noted that plastic dust and fumes may be present in the atmosphere of
molded-plastic plants, and exposures in these facilities are usually considerably higher
than those in facilities where the products are used. It also was noted that workers in
these plants might have been exposed to pigments, lubricants, and fillers (e.g., asbestos
and wood flour) during some production processes. Table 2-8 presents formaldehyde
exposure levels for this industry.
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Table 2-8. Formaldehyde exposure levels associated with production of plastics and

plastic products

Exposure level

mean (range) Reference
Industry (year measured) N (ppm) Location
Particleboard and molded plastics plant (NR) | NR 0.69 (0.17-2.93)" Horvath er al. 1988"
United States
Production of molded plastic products Stewart ef al. 1987a°
(1983-84) United States
Phenol resin 10 0.5°(0.1-0.9)
Melamine resin 13 9.2°(<0.01-26.5)
Molding compound manufacture (1983—84) Stewart ef al. 1987a°
Plant 9, winter United States
Plant 9, summer 9 2.8°(0.04-6.7)
Plant 1, winter 18 38.2°(9.5-60.8)°
Plant 1, summer 12 1.5°(0.9-2.0)
Plant 8, winter 24 9.7° (3.8-14.4)
Plant 7, summer 13 0.3 (0.07-0.7)
Plant 2, summer 43 0.3 (0.05-0.6)
15 6.5°(0.3-20.6)
Resin and plastic materials production (NR) NR 1.39° (NR) NIOSH 1980a#
United States
Vinylon production NR 2.0 (0.8-4.7) Jin and Zhu 1992"
China
Hexamine workshop NR 0.6 (NR) Dai and Bao 1999"
China
Polyacetal workshop NR 0.8 (NR) Dai and Bao 1999"
China
Plastics manufacturing (NR) 9 max. < 0.1 Tikuisis et al. 1995
Canada
Plastics production (1981-86) Heikkila et al. 1991°
Casting of polyacetal resin 10 0.3 (0.06-0.7) Finland
Casting of UF resin 4 0.4 (0.2-0.5)
Casting of other plastics 29 <0.1 (<0.1-0.2)

NR = not reported.

"Mean and range of TWAs. Data also presented in Table 2-2.

°Cited in ATSDR 1999.
‘Geometric mean.
4Cited in IARC 2006.

“Some results were affected by the simultaneous occurrence in samples of particulates containing

formaldehyde, leading to high values.
"Data also presented in Table 2-1.
¥Cited in WHO 1989.

"Cited in Tang et al. 2009.
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2.4.6 Embalming

Embalming is a procedure that delays the decomposition of a cadaver. To accomplish
this, the embalmer injects into either the common carotid or femoral artery usually 12 to
18 L of an aqueous solution of formaldehyde at a concentration ranging from about
1.25% to 32%, depending on how much the body has changed since death (IRSST 2006).
Formaldehyde is used as a tissue preservative and disinfectant in the embalming fluids,
which contain smaller amounts of other chemicals such as methanol, diethylene glycol,
propylene glycol, phenol, benzoic acid, and fragrances (ATSDR 1999, IARC 2006).
Although embalming was one of formaldehyde’s first and best-known uses, it now
accounts for less than 1% of total consumption (GI 2006).

Exposure to formaldehyde can occur during the solution preparation and during the
embalming operation. The main factors affecting exposure include the concentration of
formaldehyde in the embalming fluid, the quantity of solution used, the number of
workstations and the number of bodies handled daily, physical characteristics of the
cadaver (e.g., condition, size, time since death), presence and efficiency of fume hoods or
local collection systems at the emission source, and the level of general ventilation.
Embalming of a normal intact body generally is completed within 1 to 1.5 hours, with 10
to 35 minutes spent using formaldehyde (IRSST 2006). In the case where the cadaver is
in an advanced state of putrefaction or has undergone an autopsy, embalming can take up
to 3 hours, with up to 2 hours spent using formaldehyde. Formaldehyde-based or
paraformaldehyde-based jellies or powders can be prepared and applied to wounds of the
cadaver.

IARC (2006) noted that mean formaldehyde exposure levels from embalming operations
are generally around 1 ppm. Embalming of autopsied bodies generally results in higher
exposure levels than embalming of intact bodies. Airborne formaldehyde concentrations
in seven funeral homes in the United States in 1980 ranged from 0.12 to 0.42 mg/m’ [0.1
to 0.34 ppm] during the embalming of non-autopsied bodies and from 0.6 to 1.4 mg/m’
[0.49 to 1.14 ppm] during the embalming of autopsied bodies (Williams et al. 1984, as
cited in WHO 1989). Table 2-9 summarizes exposure levels associated with embalming
operations.

Methods to reduce formaldehyde exposure include product substitution and modifications
of work areas and work practices. Although embalming solutions are available that do
not contain formaldehyde (e.g., phenoxyethanol), none is the subject of consensus in the
embalming industry (IRSST 2006). Work-station modifications that can reduce exposure
include confining difficult embalming cases; physically separating embalming tasks from
restoration tasks (i.e., aesthetic care and dressing in funeral homes); installation and
proper use of capture equipment at the source, such as hoods over the injection
equipment; and design of work stations to ensure adequate ventilation. In one study of 22
funeral-service embalming operations, formaldehyde levels were significantly lower (P =
0.0001) when general ventilation was turned on during the procedure (0.21 ppm) than
when general ventilation was turned off (0.55 ppm) (Holness and Nethercott 1989).

General work practices that will reduce exposure include closing jars promptly when not
in use, prompt disposal of formaldehyde soaked rags, proper storage and disposal of
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products, and periodic equipment inspections (IRSST 2006). Personal protective
equipment should be used during procedures involving high formaldehyde

concentrations.

Embalmed cadavers and animals used in gross human and veterinary anatomy
laboratories usually are prepared with a formaldehyde-based embalming fluid. During the
process of dissection, formaldehyde vapors are emitted from the cadavers, resulting in the
exposure of medical students and their instructors to potentially elevated formaldehyde
levels (Ohmichi ef al. 2006b). Levels have been shown to increase when body-cavity or
deep structures were being dissected. Levels also have been shown to be higher in the
center of the room than in the corners. Various types of exposure reduction technologies
have been reported in the literature (Nacher ez al. 2007, Ohmichi et al. 2007, Whitehead
and Savoia 2008). Tang et al. (2009) presented the results of a study that demonstrated
that even when anatomy laboratories were not in use, minimum formaldehyde
concentrations were still above 0.25 mg/m’ [0.2 ppm], with one measurement as high as
20.94 mg/m’ [17 ppm]. Table 2-9 provides exposure levels seen in anatomy laboratories.

Table 2-9. Formaldehyde exposure levels associated with embalming or autopsies or

in anatomy laboratories

Exposure level

mean (range), Reference
Operation (year measured) N in ppm Location
Embalming
Embalming in funeral homes (NR) Korczynski 1996*
Personal samples 4 0.16 (NR) United States
Area samples 4 NR (< 0.1-0.15)
Embalming (NR) 75 2.2-2.6 (0.2-8.7)° Stewart ef al. 1992°
United States
Embalming in mortuaries (NR) NR 1.1 (0.03-3.2) Lamont Moore and
0.2 (0.01-0.5) (TWA) | Ogrodnik 1986
United States
Embalming in funeral homes (NR) 13 1.1,2.7 (0.2-3.99)° NIOSH 1980c*
United States
Embalming in funeral homes: 187 0.74 (0.09-5.26) Kerfoot and Mooney 1975%¢
6 facilities (NR) United States
Embalming (NR) Korczynski 1994°
Personal samples 48 0.6 (0.09-4.6) Canada
Area samples 72 0.5 (0.04-6.8)
Embalming in funeral homes (1980) Williams et al. 1984°
Intact bodies 8 0.3 (0.18-0.3)" NR
Autopsied bodies 15 0.9 (0-2.1)
Anatomy and biology laboratories and autopsies
Anatomy laboratory, dissecting (NR) 15 0.9 (0.3-2.6) Keil et al. 2001°

United States
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Exposure level

mean (range), Reference
Operation (year measured) N in ppm Location
Anatomy laboratory, dissecting (NR) Akbar-Khanzadeh and
Personal samples 44 1.9 (0.3-4.5) Mlynek 1997*
Area samples 76 1.0 (0.6-1.7) United States
Anatomy laboratory, dissecting (NR) Akbar-Khanzadeh et al.
Personal samples 32 1.2 (0.07-2.9) 1994
TWA personal samples NR 0.4 (0.09-0.95) United States
Area samples 13 1.4 (0.9-1.8)
TWA area samples 2 1.7 (1.0-2.3)
Anatomy laboratory, dissecting (1982-83) Korky et al. 1987"
Laboratory NR NR (7.0-16.5) United States
Stock room NR NR (2.0-2.6)
Public hallway NR NR (< 1.0)
Autopsy (NR) Coldiron et al. 1983*
Personal samples 27 1.3 (0.4-3.3) United States
Area samples 23 4.2 (0.1-13.6)
Biology teaching (NR) 8 8.3 (2.75-14.8) EPA 1981°
United States
Pathology autopsy room (NR) 6 4.35(2.2-7.9) NIOSH 1979b°
United States
Medical college anatomy labs
(1998) 2 3.36 (NR) Li et al. 1999°
(1999) 12 0.87 (NR) Ye et al. 2000°
(2002) 3 6.8 (4.8-9.0) Peng et al. 2003°
(2002) 2 NR (10.5-17.0) Zhang et al. 2007d°
(2006) 9 0.27 (0.03-3.2) Lu et al. 2007°
China
Medical college teacher offices
(1998) 2 0.31 (NR) Li et al. 1999°
(1999) 12 0.16 (NR) Ye et al. 2000°
(2006) 9 0.03 (NR) Lu et al. 2007°
China
Medical college corridors
(1999) 14 0.26 (NR) Ye et al. 2000°
(2006) 9 0.05 (NR) Lu et al. 2007°
China
Anatomy laboratory, dissecting (NR) NR NR (0.11-0.62) Tanaka et al. 2003°
Japan
Biology laboratory, dissecting (NR) 36 0.20, 0.51 (0.08-1.2)° | Dufresne et al. 2002
Canada
Anatomy laboratory, dissecting (NR) NR NR (max. < 4.0) Burgaz et al. 2001°

Turkey
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Exposure level

mean (range), Reference
Operation (year measured) N in ppm Location
Anatomy laboratory, dissecting (NR) NR 0.22 (0.11-0.33) Wantke et al. 2000°
Austria
Anatomy/histology laboratory, dissecting 48 3.0 (0.2-9.1) Kim ef al. 1999*
(NR) NR
Anatomy laboratory, dissecting (NR) 25 0.4 (0.06-1.04) Ying et al. 1997, Ying et al.
1999°
NR 2.4 (NR) He et al. 1998
China
Anatomy laboratory, dissecting (NR) NR 0.12 (0.06-0.22) Wantke et al. 1996b°
Austria
Autopsy (1981-86) 5 0.7 (<0.1-1.4) Heikkila et al. 1991*
Finland
Anatomical theater (1980-88) 29 1.17(0.7-1.7) Triebig et al. 1989°
Germany
Animal dissection laboratory (NR) 24 0.15, 0.18 (0.05-1.04)" | Blade 1983¢
NR
Anatomy classrooms, 1998 4 2.0 (NR) Li et al. 1999°
Pathology autopsy room (NR) 10 4.8 (0.06-7.9) Covino 1979°
NR
Autopsy room (NR) Makar et al. 1975°
Personal sampling for a resident 10 1.58 (NR) NR
Personal sampling for a pathologist 9 1.24 (NR)
Personal sampling for a technician 2 0.57 (NR)
Area sampling for assistants 23 0.72 (0.13-13.57)

NR = not reported; TWA = time-weighted average.

*Cited in IARC 2006.

"Range of means and full range across two to three datasets.

‘Cited in WHO 1989.

No explanation provided for the mean being equal to the high end of the range.

‘Cited in Tang et al. 2009.
Median.

2.4.7 Histology

Histopathology laboratories receive organ, tissue, or cell specimens in which to study
structural modifications in support of diagnosis and prognosis of disease, and formalin is
commonly used to preserve these samples (IARC 2006, IRSST 2006). The main steps in
the process include preparing formaldehyde solutions (diluting the formalin solution to
roughly 4% formaldehyde), macroscopic examination of the specimen with the naked
eye, placing the samples in cassettes (for the tissue preparer), and microscopic
observation (IRSST 2006). Specific tasks that may result in exposure to formaldehyde
include preparing the formaldehyde solution, handling and disposing of specimens,
handling waste (such as draining specimens), handling and cleaning used jars, handling
bags of medical waste, maintaining equipment, and recycling and discarding
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formaldehyde solution. Equipment leaks are another potential source of exposure (e.g.,
leaks from the tissue preparer, formaldehyde recycler, specimen storage, and storage of
new and waste formaldehyde solutions). Workers who might be occupationally exposed
include pathologists, technicians, technical assistants, and administrative personnel
(IRSST 2006).

IARC (2006) noted that the typical mean formaldehyde exposure level in pathology
operations is approximately 0.5 ppm. Table 2-10 summarizes exposure levels associated
with histology operations.

One way in which formaldehyde exposure can be reduced in histology operations is
through substitution of other chemicals. Because of increasing concern about health
effects associated with formaldehyde exposure, a number of proprietary fixatives have
been developed that do not contain formaldehyde. Although a number of these fixatives
have been successfully used in the United States, none are the subject of consensus, and
formaldehyde-based fixatives generally are considered superior (Titford and Horenstein
2005, IRSST 2006). Other exposure-reduction methods include the use of hoods and
other ventilation methods and wearing of personal protective equipment for tasks where
the formaldehyde concentration is high (IRSST 2006).

Table 2-10. Formaldehyde exposure levels associated with histology and pathology

2.0 Human Exposure

laboratories

Exposure level
mean (range), Reference
Operation (year measured) N in ppm Location
Histopathology teaching laboratory 16 0.3 (NR) Tan et al. 1999°
(NR) United States
Histology laboratory, tissue specimen NR NR (0.2-1.9) Kilburn ef al. 1985a°
preparation and sampling (NR) United States
Hospital pathology rooms
(2005) 8 NR (0.07-1.5) Li and Li 2007
(2003) 40 NR (0.15-0.76) Cheng et al. 2004°
(2003) 85 1.3 (0.154.8) Fan et al. 2006°
China
Histology laboratory (NR) Shaham et al. 2002*
Laboratory assistants/technicians NR 0.4 (0.04-0.7) Israel
Physicians and orderlies NR 2.2 (0.7-5.6)
Pathology laboratory (NR) 10 NR (max. < 2.0) Burgaz et al. 2001°
Turkey
Medical college specimen workshops 2 0.9 (NR) Li et al. 1999°
(1998) China
Medical college specimen rooms 2 10.4 (NR) Li et al. 1999°
(1998) China
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Exposure level
mean (range), Reference
Operation (year measured) N in ppm Location
Histology laboratory (NR) Shaham et al. 1996a,
Area samples NR NR (1.4-1.6) Shaham et al. 1996b"
Personal samples NR NR (2.8-3.1) Israel
Hospital histopathology laboratories 80 0.5 (0.01-7.3) Heikkila et al. 1991°
(1981-86) Finland
Pathology laboratories (1980-88) 21 0.5°(<0.01-1.6) Triebig et al. 1989*
Germany
Pathology laboratory (1980s) 13 0.5 (NR) Rosen ef al. 1984*
Sweden
max. = maximum; NR = not reported.
*Cited in IARC 2006.
"Cited in Tang et al. 2009.
‘Median.

2.4.8 Construction-related exposures

There are many potential sources of exposure to formaldehyde in the construction
industry; however, data are limited on exposure levels for most of these sources.
Construction workers who varnish floors can have high exposures. IARC (2006) noted
that formaldehyde levels during varnishing with UF-based varnishes have been measured
at levels ranging from 2 to 5 ppm during a 30-minute application period, and that workers
may apply 5 to 10 coats per day. These workers are also potentially exposed to wood dust
and various solvent vapors from varnishes, putties, and adhesives.

Working with UFFI or fiberglass insulation manufactured using formaldehyde-based
resins also can result in formaldehyde exposure (IARC 2006); however, no data on
exposure levels associated with this activity were identified.

Since the 1980s, glass-fiber mats have become an important material for roof shingles,
asphalt roofing tiles, and roll roofing (TIG 2005). UF and occasionally PF resins are used
as binders to hold the glass fibers together until an asphalt coating is applied. No
information was found on exposure levels from their use.

Machining of wood-based composites and other formaldehyde-containing wood products
are other sources of exposure in the construction industry; however, ITARC (2006) noted
that formaldehyde exposure levels from this activity are consistently low. Formaldehyde
exposure levels associated with construction-related activities are presented in

Table 2-11.
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Table 2-11. Formaldehyde levels associated with construction-related activities

Exposure level
mean (range), Reference
Operation (year measured) N in ppm Location
UFFI dealing and installation (NR) 82 1.05-1.56 (0.3-3.1)" NIOSH 1979b°
United States
Fiberglass insulation installation 13 0.023 (0.007-0.033) NIOSH 1980a°
(NR) United States
Varnishing parquet with UF 16 2.9,4.3 (0.3-6.6)° Heikkila et al. 1991° and Riala
varnish (1976 & 1987) and Riihimaki 1991¢
Finland
Insulating buildings with UFFI 6 0.1 (NR) Rosen et al. 1984
(1980s) Sweden
UFFI dealing and installation (NR) | NR NR (0.07-2.0) Herrick ef al. 1983°
NR
Sawing particleboard at 5 < 0.5 (NR) FIOH 1994°
construction site (1967) Finland

NR = not reported.

"Range of means and full range across three datasets.
*Cited in WHO 1989.

‘Means and full range across two studies.

‘Cited in IARC 2006.

2.4.9 Fiberglass and mineral-wool insulation manufacturing

PF resins commonly are used to bind fiberglass, mineral wool, or shredded waste
products such as cotton, wool, or polyester for use as structural and acoustical insulation
for residential and commercial buildings, pipes, and industrial equipment. Fiberglass
insulation accounts for 90% of formaldehyde consumption in this industry (Bizzari
2007). In fiberglass and mineral-wool insulation, UF resins often are used in conjunction
with PF resins to inhibit the burning potential of the PF resins (TIG 2005).

Fiberglass insulation manufacturing involves six general steps: melting glass, spinning

the molten glass into fibers, cooling and coating the fibers with a binder, forming the
fibers into a pad, curing the binder (i.e., heating at 400°F to 600°F to set the binder), and
packaging the insulation (Milton et al. 1996). The primary sources of formaldehyde
release are from the fiber-coating process and the curing process. IARC (2006) described
measurements taken in the 1980s and noted that very high levels occasionally were
measured in close proximity to these two operations. Measured formaldehyde levels
associated with fiberglass insulation are presented in Table 2-12. No data were found on
exposure levels associated with manufacture of insulation from materials other than
fiberglass or synthetic vitreous fibers.
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Table 2-12. Formaldehyde exposure levels associated with fiberglass manufacturing

Exposure level

Industry mean (range), Reference
(year measured) N in ppm Comment Location
Fiberglass manufacturing Milton et al.
plant (NR) 1996
Area sampling 50 0.04-0.42 (max. = 1.02) Range of means for area | United States®
sampling at four different
locations; maximum
concentration found at
forehearth.
Personal sampling 197 0.017-0.070 (NR) Range of mean TWA
concentrations from
personal sampling of 37
workers.
Synthetic vitreous fiber 60 0.09, 0.20 (0.01-1.5) Means and full range Heikkila et al.
plant (1981-86) across production and 1991°
form-pressing operations. | Finland
Insulation manufacture Tao et al. 1990°
(1989, summer) 8 NR (0.12-0.32) China
(1989, winter) 8 NR (0.52-0.76)
Synthetic vitreous fiber 20 0.15, 0.16 (NR) Mean values for Rosen et al.
plant (1980s) production and form- 1984°
pressing operations. Sweden

NR = not reported; TWA = time-weighted average.
*Cited in ATSDR 1999 and IARC 2006; data presented here are from the original article, which was
reviewed because of questions raised during review of IJARC and ATSDR documents.

°Cited in IARC 2006.
‘Cited in Tang et al. 2009.

2.4.10 Firefighting and other combustion-related exposures

As noted in Section 2.2.2, combustion processes are one of the major sources of

formaldehyde in the environment. IARC (2006) reviewed three studies that assessed

firefighters’ levels of personal exposure to formaldehyde during various stages of

firefighting, with concentrations measured up to 8.3 ppm (see Table 2-13). Formaldehyde
was detected in 6 of 24 samples (25%) in one study and 73% of samples in a second
study; the percentage was not reported for the third study. In a comprehensive air-

monitoring study to characterize exposure of firefighters during 25 structure fires,

formaldehyde levels exceeded 0.1 ppm (which was cited as the National Institute for
Occupational Safety and Health [NIOSH] ceiling recommended exposure limit [see
Section 2-7]) at 22 of the 25 fires. Firefighters might also be exposed while fighting
wildfires. Results of two studies, in which formaldehyde was detected in all samples,

showed concentrations that ranged from 0.02 to 0.3 ppm.

Because formaldehyde is emitted from internal combustion engines, workers in any
occupation that involves exposure to exhaust from automobile or other internal
combustion engines potentially are exposed to formaldehyde. In a study of occupational
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exposure to volatile organic compounds (VOCs) and aldehydes in the U.S. trucking
industry, Davis ef al. (2007) measured formaldehyde at the perimeter of trucking terminal
yards (i.e., considered background levels), at indoor work areas (i.e., at loading docks and
mechanic shops), and in on-road truck cabs (i.e., driver exposures). The mean
background level was reported to be 3.33 pg/m’ [0.002 ppm], and higher exposure levels
were reported for the indoor work areas than in on-road truck cabs (Table 2-13). Zhang et
al. (2003) (as cited in IARC 2006) reported a slightly higher mean level for automobile
garages (0.03 ppm) than the mean level for the mechanics shop (13.72 pg/m’ [0.01 ppm])
reported by Davis ef al. (2007). Pang and Mu (2007) assessed carbonyl exposures from
public vehicles in Beijing, China, noting that taxi and bus drivers can have high levels of
formaldehyde exposure as a result of high concentrations and long work hours. They also
noted that in-vehicle carbonyl concentrations were loosely associated with vehicular
service years and type of fuel used. All drivers were asked to refrain from smoking

during this study. Formaldehyde exposure levels for these studies are presented in

Table 2-13.

IARC (2006) reported exposure levels ranging up to 0.5 ppm for lumberjacks using
chainsaws and up to 21 pg/m’ [0.017 ppm] in personal air samples from French
policemen working close to traffic. Pilidis e al. (2009) reported exposure levels for
policemen in outdoor environments (car, motorcycle, and foot patrol, guards, and traffic
regulation) that ranged from about 3 to 25 pg/m’ [0.002 to 0.02 ppm].

Table 2-13. Formaldehyde exposure levels associated with firefighting and other
combustion sources

Exposure level
mean (range), Reference
Operation (year measured) N in ppm Location
Firefighting, city fire (1998) 96 0.25 (0.02-1.2) Bolstad-Johnson et al.
2000
United States
Firefighting, city fire (NR) (22 Jankovic ef al. 1991°
Knockdown” fires) NR (ND-8.0) United States
Overhaul® NR (ND-0.4)
Inside mask NR (ND-0.3)
Firefighting, city fire (1986) 24 0.55(0.1-8.3)° Brandt-Rauf et al.
1988*
United States
Wildland fire fighting (1990 & 35 0.05, 0.13 (0.02-0.3) Reh et al. 1994" and
1989) Materna et al. 1992°
United States
Trucking industry (2004—06) Davis et al. 2007
In cab (nonsmokers) 234 0.007 (NR) United States
In cab (smokers) 62 0.008 (NR)
Loading dock 65 0.021 (NR)
Mechanic shop 17 0.011 (NR)
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Exposure level
mean (range), Reference

Operation (year measured) N in ppm Location

Public transportation vehicles (NR) Pang and Mu 2007
Taxis 35 0.020, 0.023 (0.011-0.028) China
Buses 15 0.013-0.033 (0.011-0.076)

Chain-sawing (NR) NR <0.1 (<0.1-0.5) Heikkila et al. 1991°

Finland

Chain-sawing (NR) NR 0.05 (0.02-0.11) Hagberg et al. 1985°

Sweden
Automobile garage (NR) 53 0.03 (NR) Zhang et al. 2003"
NR

Policemen working close to traffic Maitre et al. 2002°

center (NR) France
Summer [32]° 0.0117(NR)

Winter [32]° 0.017" (NR)

Policemen (2006) Pilidis et al. 2009
Vehicle patrol 5 ~0.02-0.028 (0.016-0.031)® | Greece
Motorcycle patrol 4 ~0.022-0.028 (0.016-0.032)%

Foot patrol 2 ~0.015, 0.015 (0.014-0.024)*
Guards 2 ~0.011, 0.019 (0.010-0.021)*
Traffic regulation 3 ~0.017-0.030 (0.015-0.034)®

ND = not detected; NR = not reported.

*Cited in IARC 2006.

P“Knockdown” is when the main body of the fire is brought under control; “overhaul” refers to searching

for and extinguishing hidden fires.

“The mean and range do not include 18 values that were noted as 0 in the original paper.
®Means and full range across two studies.
‘Personal sampling performed for 8 policemen, four days each in summer and winter.

"Median.
fEstimated from graph.

2.4.11 Agriculture and aquaculture

In agricultural settings, formaldehyde has been used as a preservative for fodder, a
disinfectant in brooding houses, a sterilant in mushroom houses, and a preservative for
produce (ATSDR 1999, IARC 2006). Levels as high as 7.8 ppm have been reported when
formaldehyde was used for disinfection of eggs in brooding houses; however, ITARC
(2006) noted that annual exposures are likely to be low, because the operation is
performed only intermittently (roughly 5 to 10 times per year). Formalin solutions have
been used in aquaculture to treat fish eggs to control infection (IARC 2006), with
treatment times ranging from 15 to 90 minutes. Urea-formaldehyde concentrates are used
in the manufacture of controlled-release fertilizers (Bizzari 2007); however, no
information was found on exposure to formaldehyde from application of these products.
[Although there is the potential for occupational exposure from agricultural applications
of controlled-release fertilizers, their primary uses are nonagricultural, such as on lawns
and turfs and in nurseries (Bizzari 2007).] Formaldehyde exposure levels associated with
agriculture and aquaculture are presented in Table 2-14.
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Table 2-14. Formaldehyde exposure levels associated with agriculture and
aquaculture

Exposure level
mean (range), Reference
Operation (year measured) N in ppm Location
Fish hatchery, treating fish eggs (NR) Lee and Radtke 1998"
Personal monitoring of 6 employees 6 NR (NQ-0.8) United States
Area monitoring during treatment 6 NR (< 0.05-0.7)
operations
TWA concentrations 6 0.02 (0.006-0.038)
Mushroom farming (NR) 18 2.68 (ND—> 10)° NIOSH 1980b°
United States
Handling of fodder (1982) NR NR (0.02-0.4) Heikkila ef al. 1991*
Finland
Disinfection of eggs (1981-86) 11 2.6 (0.2-7.8) Heikkila ef al. 1991*
Finland

ND = not detected; NQ = not quantifiable; NR = not reported.

*Cited in IARC 2006.

bUpper end of range reported as “12+” (mg/m’) in WHO 1989. Range is across three datasets; the mean
was reported for only one of these datasets.

“Cited in WHO 1989.

2.4.12 Office buildings and nonindustrial work places

There are numerous sources of formaldehyde in office buildings, restaurants, commercial
buildings, and other nonindustrial work places. These sources include paint and varnish,
carpeting, wallpaper, insulation, furniture, and laser printers (ATSDR 1999, IARC 2006).
In a study that assessed exposure of policemen performing several types of activities (i.e.,
vehicle or foot patrol, traffic regulation, guarding outside the police station building, and
office work), Pilidis et al. (2009) found that officers working indoors had significantly
higher exposure than those working outdoors. Table 2-15 presents exposure-level data for
offices and other nonindustrial work places. IARC (2006) noted that laser printers have
been found to be a source of formaldehyde exposure as a result of ozonolysis reactions
with VOCs emitted from the toner. IARC (2006) also noted that newer-technology laser
printers did not produce detectable levels of formaldehyde.
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Table 2-15. Formaldehyde exposure levels in offices and other nonindustrial work

places
Exposure level
mean (range), Reference
Operation (year measured) N in ppm Location
Office buildings: 6 buildings (1996— | 72 0.001-0.011" (NR) Reynolds er al. 2001°
97) United States
Offices (1981-84) 25 0.065° (NR) Shah and Singh 1988°
United States
Offices and commercial buildings: 4 | NR NR (0.01-1.01) Konopinski 1983¢
establishments (NR) United States
Office buildings: 23 buildings for 76 0.009 (max. = 0.036) Salonen et al. 2009
which air-quality complaints had Finland
been filed but for which there were
no clear, unusual sources for
chemical pollutants (2001-06)
Offices: summary of results from 9 351 0.21 (0.047-1.83) Tang et al. 2009
studies (1996-2005) (Overall mean and range of | China
individual means)
Office buildings: 5 buildings, 8-hour | 54 0.11-0.97 (NR) Wu et al. 2003°
average concentrations (NR) Taiwan, China
Offices (NR) Dingle et al. 2000°
Conventional offices (18 sites) NR 0.022 (0.01-0.08) Australia
Portable office buildings (20 sites) | 40 1.1 (0.4-2.1)
Offices (1995-96) NR Wieslander et al. 19992
Recently painted with low- 0.015 (0.013-0.016) Sweden
emitting paint
Three months after painting 0.007 (0.006-0.008)
Control 0.007 (0.0065-0.0073)
Offices (1995) 11 0.033 (0.01-0.08) Brickus ef al. 1998°
Brazil
Nonindustrial workplaces and 12 0.017 (0.004-0.05) Miguel ef al. 1995
restaurants (1995) Brazil
Office work (NR) NR 0.07° (0.07-0.13)° Holmstrém et al. 1989b*
NR
Office building (NR) NR Sterling et al. 1987¢
Nonsmoking office NR (ND-0.22) NR
Office that allowed smoking NR (ND-0.6)
Offices (NR) NR Kalinic et al. 1985
Aged 1-3 years 0.12 (NR) Yugoslavia
Aged 1143 years 0.07 (NR)
Offices (NR) NR Prescher 1984
Smokers 0.04 (0.01-0.11) Germany
Nonsmokers 0.04 (0.02-0.08)
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Exposure level
mean (range), Reference
Operation (year measured) N in ppm Location
Office work (NR) 48 <0.04, 0.06 (0.02-0.12)¢ | Blade 1983
NR
Commercial buildings (NR) NR Kuljak 1983"
Offices 0.88 (NR) Yugoslavia
Stores 2.11 (NR)
Furniture stores 0.12 (NR)

ND = not detected; NR = not reported.

*Geometric means.

°Cited in IARC 2006.

‘Median.

ICited in ATSDR 1999.

“The median is a year-round median concentration, but the range is only for late summer.

'Cited in WHO 1989.

fMeans for two studies. The range is from one dataset; the other dataset reported the range as < 0.04 ppm.

2.4.13 Other occupational exposures

Formaldehyde has been used in the treatment of furs and leather (IARC 2006). Its use in
the treatment of furs resulted in the highest formaldehyde exposure levels for all jobs and
industries studied in a large Swedish survey in the early 1980s. The eight-hour TWA
concentration of formaldehyde was reported to be 0.8 to 1.6 ppm, and high peak
exposures occurred several times per day. Formaldehyde concentrations of 0.5 to 7 ppm
have been measured in leather-tanning facilities (ATSDR 1999), and a mean level of 0.2
ppm has been reported for taxidermy operations in Sweden (IARC 2006).

Formaldehyde has been used extensively in hospitals and healthcare facilities (IARC
2006). ATSDR (1999) noted that numerous types of healthcare professionals (e.g.,
pharmacists, physicians, veterinarians, dentists, nurses) can be exposed to formaldehyde
vapors during the preparation, administration, or cleanup of various medicines. [ARC
(2006) reported exposure levels associated with the use of formaldehyde as a disinfectant
in hospitals, showing mean levels ranging from 0.05 to 0.8 ppm, with levels as high as
5.1 ppm. Formaldehyde levels as high as 288 pg/m’ [0.23 ppm] were measured in a
hospital operating room where it was used as a disinfectant (Dascalaki ef al. 2008).
Formaldehyde also has been detected in the plume of surgical smoke produced by
electrocautery, harmonic scalpel, and argon beaming (Krones et al. 2007).

Formaldehyde has been used as a biocide in the oil processing industry (Steinsvag et al.
2007); however, the authors noted that formaldehyde appears to have been replaced by
other biocides and was phased out before 2002. Mean measured airborne exposure levels
were 0.13 mg/m’ [0.11 ppm] (range = 0.06 to 0.29 mg/m’ [0.05 to 0.24 ppm]) for
personal sampling and 0.21 mg/m’ [0.17 ppm] (range = 0.05 to 0.53 mg/m’ [0.04 to 0.43
ppm)]) for stationary monitoring of Norwegian offshore oil drilling installations during
1999 and 2000.
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In a study assessing exposure of nail technicians to formaldehyde and toluene, a mean
airborne formaldehyde exposure level of 0.022 ppm was calculated based on personal air
sampling at 30 nail salons in California (McNary and Jackson 2007).

Formaldehyde has been measured in studies assessing exposure of workers to
metalworking fluids in a secondary aluminum plant (Godderis ef al. 2008) and in

machine shops (Lillienberg et al. 2008). Godderis et al. reported airborne formaldehyde
at a concentration of 0.03 mg/m’ [0.02 ppm)], and Lillienberg et al. reported mean levels
0f0.003, 0.012, and 0.128 mg/m’ [0.002, 0.01, 0.1 ppm] for three facilities (the full range
across the three facilities was 0.001 to 0.154 mg/m’® [0.0008 to 0.13 ppm]). Lillienberg et
al. suggested that use of recirculating air probably was responsible for the higher levels
observed in one machine shop. Godderis et al. postulated that the airborne formaldehyde
in the aluminum plant originated either from the combustion of metalworking fluids or
from formaldehyde-releasing triazines used as biocides.

Formaldehyde levels in spacecraft have been found to consistently exceed 0.05 mg/m’
[0.04 ppm] (IARC 2006). ATSDR (1999) noted that the laser cutting of felt, woven
fabrics, formica, plexiglass, and acrylic materials has been found to release
formaldehyde; however, no air levels were identified for these activities. Concentrations
ranging from less than 0.01 to 2.0 mg/m’ [0.008 to 1.6 ppm] have been measured at coal
and pitch-coking plants in the former Czechoslovakia. Levels up to 1.1 mg/m’ [0.9 ppm]
have been measured at plants producing photographic film.

2.5 Environmental occurrence and fate

Formaldehyde is ubiquitous in the environment and can occur in outdoor and indoor air,
drinking water, groundwater, surface water, sediment, soil, and food. This section
discusses the sources of formaldehyde, its fate and transport, and occurrence of
formaldehyde in air (Section 2.5.1), water (Section 2.5.2), land and soil (Section 2.5.3),
and food (Section 2.5.4).

A potential source of contamination for all environmental media and for general
population exposure is from inadvertent spills of formaldehyde-containing materials. A
2009 search of the National Response Center (NRC 2009) on-line database using the
keyword “formaldehyde” yielded 802 results. The NRC serves as the sole national point
of contact for the reporting of all oil, chemical, radiological, biological, and etiological
(i.e., biologically hazardous) spills into the environment anywhere in the United States
and its territories. The level of information provided in the query results was not
sufficient to estimate the extent of environmental contamination or the number of people
exposed; however, it does suggest the potential for environmental contamination and
general public exposure from inadvertent spills of formaldehyde or chemical mixtures
containing formaldehyde.

25.1 Air

In air, formaldehyde is a gaseous pollutant that is produced both naturally and from
human activities and occurs as a primary or secondary pollutant. In outdoor air, primary
sources include direct emissions of formaldehyde from industrial processes and products

1/22/10 49



Formaldehyde: RoC Background Document 2.0 Human Exposure

and its release during the combustion of organic materials. Occurrence of formaldehyde
as a secondary pollutant results from the photochemical breakdown of hydrocarbons,
which occur both naturally and as a result of human activities. In indoor air, the main
sources of formaldehyde are indoor combustion sources, including tobacco smoke, and
off-gassing from various materials.

Because formaldehyde air levels generally are higher in occupational settings than in
nonoccupational settings, this section reports air concentrations in units of parts per
billion (ppb) rather than the units of parts per million (ppm) used to describe occupational
exposure (Section 2.4). If the source document reported concentrations in units of
micrograms per kilogram (ng/kg), the values were multiplied by a conversion factor of
0.81.

Four studies were found in the literature that estimated time-weighted daily exposure
levels for indoor and outdoor exposures. Probabilistic methods were used to estimate a
24-hour TWA exposure concentration for the general Canadian public, taking into
account the amount of time spent indoors and outdoors and the associated formaldehyde
concentrations (WHO 2002). Although this study applies specifically to the Canadian
population, it was noted that the sources of formaldehyde are ubiquitous and are likely
similar in most countries, and the overall magnitude of relative contributions from indoor
air and outdoor air are expected to be similar in other parts of the world. Based on two
different assumptions regarding the statistical distribution of formaldehyde
concentrations, mean values were 24 and 29 pg/m’ [20 and 24 ppb], median values were
33 and 36 pg/m’ [27 and 29 ppb], and 95th-percentile values were 94 and 80 pg/m’ [77
and 65 ppb].

More recently, in a review of production, consumption, exposure levels, and health
effects of formaldehyde in China, Tang et al. (2009) provided data from numerous
studies that had measured formaldehyde air levels. From these data, Tang et al.
calculated average concentrations of formaldehyde in various locations including outdoor
air, in newly remodeled homes, new office buildings, and public places. Based on these
levels and time-activity pattern assumptions, the authors estimated an effective
concentration for a hypothetical person of 0.21 mg/m’ [170 ppb] during workdays and
0.17 mg/m’ [140 ppb] over the course of the weekend. The authors noted that this level
of exposure was higher than the WHO recommended indoor level of 0.1 mg/m’ [80 ppb].
They further noted that higher levels would be associated with occupational exposures:
0.58 mg/m’ [470 ppb] per day for industrial exposures and 0.61 mg/m’ [490 ppb] per day
for professional exposures (e.g., exposures associated with anatomy or pathology labs).

Dodson et al. (2007) developed a personal exposure model using VOC data (including
data on formaldehyde) collected for teachers and office workers as part of the Boston
Exposure Assessment in Microenvironments study. Included in the final model were data
on participants’ time-activity and concentration measurements for residential outdoor,
residential indoor, and workplace microenvironments, along with average concentrations
in various dining, retail, and transportation microenvironments. The authors noted that
even with the full model, exposures to formaldehyde were not fully characterized, based
on comparison with personal monitoring data; they emphasized the need for additional
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time-activity and concentration data. Measured time-weighted personal exposure levels
ranged from roughly 8 to 88 pg/m’ [6.48 to 71.3 ppb] across 62 observations.

Bostrom et al. (1994) derived ratios of nitrogen oxide (NOy) levels to levels of other
pollutants in urban air, including formaldehyde, and used time-activity data together with
NOx levels to estimate exposure of the Swedish population to various pollutants. The
overall mean exposure level for formaldehyde was estimated at 1.2 pg/m’[0.97 ppb].

The remainder of this section discusses outdoor air and indoor air separately.

2.5.1.1 Outdoor air

Formaldehyde in outdoor air has many natural and anthropogenic sources. Natural
sources of formaldehyde include forest fires, animal waste, microbial products of
biological systems, and plant volatiles. In Riverside, CA, airborne formaldehyde levels
were twice as high during a wildfire as after the wildfire had ended (Na and Cocker
2008). However, the majority of formaldehyde in outdoor air is from anthropogenic
activities, primarily combustion processes; therefore, higher levels are seen in urban
environments than in rural environments (ATSDR 1999, WHO 2002). Major
anthropogenic sources of formaldehyde in outdoor air include power plants, refineries,
manufacturing facilities, incinerators, automobile exhaust, and other combustion sources.

In 2007, U.S. industrial air emissions of more than 9.2 million pounds [4,173 metric tons]
of formaldehyde were reported to the U.S. EPA’s Toxics Release Inventory (TRI) as
either fugitive (1 million pounds [454 metric tons]) or point-source (8.2 million pounds
[3,719 metric tons]) emissions (TRI 2009). Total air emissions reported to TRI trended
downward slightly between 1988 and 2007, with a maximum of 13.2 million pounds
[5,987 metric tons] in 1989 and a minimum of 9 million pounds [4,082 metric tons] in
2006. Reported emissions were lowest in 2005, 2006, and 2007.

It has been suggested that formaldehyde levels due to secondary formation might be
much larger than levels from direct emissions. One study reviewed by the World Health
Organization (WHO 2002), estimated that 70% to 90% of atmospheric formaldehyde was
the result of secondary formation.

Formaldehyde is not present in gasoline; however, it is a product of incomplete
combustion and is therefore released from internal combustion engines (WHO 2002).
Automobiles are a major source of formaldehyde in outdoor air through direct
formaldehyde emissions and through emission of precursors that form formaldehyde via
atmospheric oxidation. Formaldehyde levels have been found to be correlated with traffic
activity (ATSDR 1999). In the mid 1970s, the U.S. EPA estimated that automobiles
emitted about 610 million pounds [276,691 metric tons] of formaldehyde annually.
Emission levels depend on the fuel composition, the type of engine, the type of emission
controls, the operating temperature, and the age and state of repair of the vehicle;
therefore, emission rates are quite variable. The introduction of catalytic converters
reduced automobile emissions of formaldehyde; however, the use of oxygenated fuels
increases emissions. With the increased use of both catalytic converters and oxygenated
fuels, the net effect on formaldehyde emissions is uncertain. Tractors and back-up

1/22/10 1



Formaldehyde: RoC Background Document 2.0 Human Exposure

generators are additional sources of substantial amounts of formaldehyde in outdoor air
(Sawant et al. 2007).

In a study of emissions from diesel engines operating on standard diesel fuel or on
various blends of biodiesel, Liu ez al. (2009a) reported that emissions of carbonyl
compounds (including formaldehyde) increased when the engines were run on biodiesel
fuels; however, the total concentration of the emitted carbonyls did not increase with
biodiesel content. Sawant ef al. (2007) noted that for tractors and back-up generators,
engine operating mode and application appear to strongly influence the absolute mass
emission rate of carbonyls (including formaldehyde); however, they do not appear to
exert as strong an influence on the relative mass emission rates of individual carbonyl
compounds.

No consistent seasonal variation has been demonstrated for formaldehyde levels, which
could be explained in part by the fact that photo-oxidation is both an important source of
formaldehyde (i.e., photo-oxidative breakdown of hydrocarbons to form formaldehyde)
and an important pathway for degradation of formaldehyde.

Chen et al. (2004) measured formaldehyde levels continuously over several days and
reported that peak formaldehyde levels occurred during daylight hours due to
photochemical oxidation of VOCs caused by intense sunlight, and that minimum levels
occurred during nighttime (Chen et al. 2004).

Formaldehyde half-lives in air can vary considerably under different conditions (WHO
2002). Atmospheric residence times in several U.S. cities ranged from 0.3 hours under
conditions typical of a rainy winter night to 250 hours under conditions typical of a clear
summer night. ATSDR (1999) reported half-lives in the atmosphere ranging from 1.6 to
19 hours. Reaction with the hydroxyl radical is the most important photo-oxidation
process in the degradation of formaldehyde (WHO 2002). Factors that influence
formaldehyde’s atmospheric half-life, such as time of day, intensity of sunlight, and
temperature, are mainly those factors that affect the availability of the hydroxyl radical.
Based on hydroxyl radical reaction rate constants, the atmospheric half-life of
formaldehyde has been calculated to be between 7.1 and 71.3 hours. Photolysis is another
degradation pathway; however, it accounts for only about 2% to 5% of formaldehyde
removal. At night, the degradation of formaldehyde is expected to occur through
reactions with nitrate radicals. This process tends to be more significant in urban areas,
where concentrations of the nitrate radical are higher.

Formaldehyde is highly soluble in water and will transfer into clouds, precipitation, and
surface water. WHO (2002) noted that formaldehyde has a washout ratio (concentration
in rain/concentration in air) of 73,000, and thus is expected to be efficiently scavenged
from the atmosphere by atmospheric water.

Table 2-16 summarizes data on outdoor formaldehyde air levels in the United States that
have been reported in review articles by Zhang et al. (2009a), IARC (2006), ATSDR
(1999), and WHO (1989). Both IARC and Zhang et al. reported levels for some other
countries that were higher than those seen in the United States. The highest mean ambient
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level reported in the IARC review was 80 ppb in Salvador, Bahia, Brazil, and the highest
single measurement (based on the upper end of the reported range) was 176 ppbv in
Budapest, Hungary. Ambient levels exceeding those reported for the United States were
also seen in Italy, China, Mexico, France, England, Egypt, and other parts of Brazil, all in
urban areas. The highest levels reported by Zhang et al. were from Rio de Janeiro, Brazil
(151 ppb) and Mexico City, Mexico (110 ppb). In addition to Brazil and Mexico, Zhang
et al. reported concentrations for seven countries that exceeded the maximum U.S.
concentration. The ATSDR (1999) and WHO (1989) reviews reported similar levels for
the United States and other countries.
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Table 2-16. Occurrence of formaldehyde in outdoor air in the United States

Concentration
mean (range),

Location (sampling period) N in ppb Reference
Urban?
Boston, MA (1993) Reiss et al. 1995
Winter measurements outside 4 8 3.1(0-3.1)
residences
Summer measurements outside 9 18 2.6 (1.2-5.9)
residences
New Jersey, 4 cities (1974) NR 3.8-6.6 (means) Cleveland et al. 1977°
14.0-16.3 (maxima)
New York City, NY (1999) Sax et al. 2004
Winter 36 1.7 (0.4-3.3)
Summer 36 4.3 (1.5-10.6)
Schenectady, NY (June—August 1983) NR NR (1.0-31) Schulam ez al. 1985
Atlanta, GA, 4 urban areas (July and 217 2.7-3.0 (max. = 8.3) Grosjean et al. 1993°
August 1992)
Baton Rouge, LA, FEMA trailer-staging | NR 4.9 (0.8-70.7) ATSDR 2007a
area (2006)
OH urban centers (June—July 1989) 48 3.0 (max. = 15.5) Spicer et al. 1996°
Houston, TX: Range of peak levels NR NR (< 7.0-30) Chen et al. 2004
across the 3 sampling periods (2002)
Denver, CO (1987-91) NR Anderson e al. 1996
Winter 3.9 (NR)
Spring 2.3 (NR)
Summer 2.7 (NR)
Los Angeles, CA (2000) Sax et al. 2004
Winter 40 3.2 (1.9-6.8)
Fall 35 3.6 (2.0-6.3)
Los Angeles, CA (1999-2000) 69 7.2 (4.3-14) Delfino et al. 2003°
Los Angeles, CA (1993) Grosjean et al. 1996°
Measured at urban locations during 32 5.3 (1.4-10.6)
smog season (September)
Measured at 1 background location NR 0.8 (0.7-1.0)
Los Angeles, CA (Cal State University) NR NR (2.0-40) Grosjean 1982¢
(May—June 1980)
Los Angeles, CA downtown (1960-61) 31 Altschuller and
July-November (1960) 40 (NR) McPherson 1963°
September—November (1961) 45 (NR)
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Concentration
mean (range),

Location (sampling period) N in ppb Reference
California, during air pollution episode Grosjean and Swanson
(NR) 1983°¢
Lennox 36 NR (0.5-39.5)
Azusa 36 NR (0.7-35)
Los Angeles 20 NR (3.7-57)
Claremont, CA (September—October NR NR (3.0-48) Grosjean 1982
1980)
Riverside, CA (NR) 32 NR (<4.1-9.8) Tuazon et al. 1978°
Rural
Albany, NY, rural and semi rural NR NR (0.6-3.7) Khwaja 1995°
(October 1991)
Whiteface Mountain, Wilmington, NY NR NR (0.8-2.6) Schulam ez al. 1985
(1983)
Mixed locations
USA, mixed locations in TX, LA, VT, NR NR (1.5-7.4) Mohammed et al. 2002
and NJ (1996-97)
USA, mixed locations (1975-85) Shah and Singh 1988°
Nationwide 629 4.1°7(NR)
Urban — mixed locations 332 6.5° (NR)
Suburban — mixed locations 281 2.7° (NR)
Rural and semirural — mixed locations 12 2.7° (NR)
United States, ambient air measurements | 1,358 2.5°(NR) Kelly et al. 1994¢
at 58 locations (NR)
United States, 9 datasets from 8 cities NR 2.3-19 (means) Salas and Singh 1986
(1980-84) 5.5-67.7 (maxima) and Singh ez al. 1982°
Minnesota, 25 sites throughout the state | 2,494 1.7 (< 0.05-21) Pratt et al. 2000°
(1991-98)
California, multiple locations (NR) NR 3.2-4.9 (NR) Seiber 1996°

NR = not reported.

"Data within this section are sorted geographically, generally from east to west across the United States.

°Cited in IARC 2006.
“Cited in WHO 1989.
4Cited in ATSDR 1999.
“Median.

The nationwide mean value was 8.3 ppb.
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2.5.1.2 Indoor air

Formaldehyde levels generally are higher in indoor air than in outdoor air, often by an
order of magnitude or more (ATSDR 1999, IARC 2006). Sources of formaldehyde in
indoor air include off-gassing from various products (e.g., building materials, composite-
wood-based furnishings, carpets, various consumer products, clothing, fabrics, UFFI, and
paints and varnishes) and indoor combustion sources (e.g., gas burners and ovens,
kerosene heaters, cook stoves, and cigarettes) (WHO 1989, ATSDR 1999, IARC 2006).
In indoor air, formaldehyde can form due to reactions of ozone with indoor materials
such as latex paints and carpets (Sax ef al. 2004) and due to degradation of other organic
compounds in indoor air (ATSDR). Important determinants of indoor air levels include
the sources of the formaldehyde, the age of the source materials, temperature, humidity,
and ventilation rates (IARC 2006).

Formaldehyde levels in indoor air have been shown to be associated with the age and
structural type of the building; however, these factors are not independent and reflect
more fundamental variables such as the overall emission potential of the source materials
and the air-exchange rate of the dwelling (WHO 1989). In one study reviewed by WHO
(1989), the amount and dynamics of formaldehyde migration into indoor air was assessed
in relation to the age of the material, air temperature, and air-exchange rate. Age of the
material was found to be the most important factor influencing formaldehyde levels,
followed by temperature elevation, and then air-exchange rate.

In a study assessing secondary VOC emissions from flooring material, Kagi et al. (2009)
exposed a low-formaldehyde type of flooring material to UV radiation and found that
chemical transformations occurred resulting in the emission of a number of secondary
products, including formaldehyde. Similar results were found when the flooring material
was exposed to ozone.

Emission rates due to off-gassing have been assessed for various consumer products and
are presented in Table 2-17. (Measured indoor formaldehyde levels are discussed below.)
The highest emission rates were seen for UF floor finishes; this finding is supported by
data showing high exposure levels for workers who varnish floors (see Section 2.4.8).
Other products with high emission rates include fingernail hardener and polish, various
types of composite wood products (i.e., particleboard, plywood, UF wood products),
latex paints, permanent-press fabrics, and insulation. In general, UF resins have the
highest emission rates and PF resins the lowest emission rates (IRSST 2006). Generally,
emission rates from these products decrease over time (WHO 1989). It has been shown
that formaldehyde emission rates increase with higher ozone concentrations, temperature,
and relative humidity (Sax et al. 2004).
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Table 2-17. Formaldehyde off-gassing emission rates from building materials, home

furnishings, and consumer products

Emission rate,

Product in pg/m? per day Comment Reference
Building supplies and home furnishings
Commercially applied Reported by ATSDR as 421 and ATSDR 1999
UF floor finish 1,050,000 pg/m* per hour
Base coat [10,104]
Top coat [25,200,000]
Particleboard 36,000-168,000 | Range of releases based on varying a | Pickrell ef al. 1984
number of parameters in a test
chamber
Plywood 31,000-68,000 Range of releases based on varying a | Pickrell et al. 1984

number of parameters in a test
chamber

Pressed wood products BD-36,000 Minimum is for exterior plywood, Pickrell et al. 1983
(including particle- and maximum is for paneling
board, plywood, and
paneling)
Bare UF wood 210-37,900 Results from a variety of products ATSDR 1999
products
Bare PF wood 100-220 ATSDR 1999
products
Coated UF wood 24-11,100 Results from a variety of products ATSDR 1999
products
Low-formaldehyde- 96-2,000 Rates span flooring material exposed | Kagi ef al. 2009
emitting flooring to ozone, infrared lamp, sun lamp,
UVA lamp, and UVB lamp
Natural wood flooring 2,000-6,900 Reference rate; were “not.detected”
without adhesives for thze low-emitting flooring and 48
pug/m” per day for the natural wood
flooring
Insulation products 52-620 Includes various fiberglass products, | Pickrell et al. 1983
air ducts, blackface insulation
sheathing
Insulation 3,000 Measured release rate from a test Pickrell et al. 1984
chamber; details on type of insulation
not provided
Carpet BD-65 Both foam-backed and non-foam- Pickrell et al. 1983
backed carpets (highest level from
foam-backed and lowest level from
non-foam backed)
Carpet 1,500 Measured release rate from a test Pickrell et al. 1984
chamber (carpet type not specified)
Carpet 440-1,375 Measured rates from a test chamber; | ATSDR 1999
the maximum rate was at 24 h, and
the minimum rate was at 168 h
(carpet type not specified)
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Emission rate,

Product in pg/m? per day Comment Reference
Latex paints 7,800-14,200 From two brands of paints; the lower | ATSDR 1999
value was for a more expensive paint
Decorative laminates 100-1,200 ATSDR 1999
Consumer products
Fingernail hardener 5,172,000 ATSDR 1999
Nail polish 496,800 ATSDR 1999
Paper products 75-1,000 Paper plates and cups Pickrell et al. 1983
Paper grocery bags 10 ATSDR 1999
Clothes 15-550 Unwashed new clothing Pickrell et al. 1983
Fabric BD-350 Includes drapery fabric and Pickrell et al. 1983
upholstery fabric of cotton, nylon,
olefin, and rayon/cotton blends
Permanent press 1,000-5,100 ATSDR 1999
fabrics
Towels <7 ATSDR 1999
Fiberglass products 380-770 ATSDR 1999

BD = below detection; UVA = ultraviolet A; UVB = ultraviolet B.

Off-gassing from UFFI is another potential source of formaldehyde in indoor air. No
emission rates were found in the literature; however, studies have indicated that
formaldehyde levels in homes increase immediately after foaming, but return to pre-
foaming levels after a few weeks (WHO 1989). As noted above, changes in home-
construction methods have significantly reduced the use of UFFI since the mid 1980s.

Paint can be a source of formaldehyde in indoor air. In one study, the average
formaldehyde level was 18 pg/m’ [15 ppb] in office buildings that had recently been
painted with a low-formaldehyde-emitting paint. Three months later, the concentration
had fallen to 8 pg/m’ [6.5 ppb], which was the average level in a control area in the same
building that had not been painted (IARC 2006) (data are presented in occupational
exposure section, Table 2-15). A study in Swedish homes showed significantly increased
formaldehyde levels in houses where wood paint had been used. This study also noted
that wall-to-wall carpeting had contributed almost the same amounts of formaldehyde to
indoor air as paint had (13 pg/m’ [11 ppb] for carpeting vs. 16 pg/m’ [13 ppb] for paint).

Indoor combustion sources of formaldehyde include wood stoves, gas stoves, kerosene
heaters, open fireplaces, furnaces, and burning tobacco products. Combustion sources
generally are considered to be weak emitters to indoor air, but tobacco smoke can be an
important source of formaldehyde in indoor air, potentially accounting for 10% to 25% of
indoor air exposure (ATSDR 1999) (see below and Table 2-19).

Other potential sources of formaldehyde in indoor air include cooking and formation
from other chemicals in the air. In one study, an emission rate of 1.38 pg/g was estimated
for charbroiling meat over a natural-gas-fired grill (WHO 2002). Another study showed
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emission rates for fish that ranged from 0.48 pg/g for mackerel to 5.31 pg/g for sardines
(IARC 2006). Formaldehyde has also been shown to be released from cooking oils that
were heated to 240°C to 280°C [464°F to 536°F].

Formaldehyde may form through degradation of organic compounds commonly found in
indoor air. Formaldehyde has been found to form through this process at a rate of 0.87
pg/sec in winter and 2.43 pg/sec in summer (ATSDR 1999) [which is reflected in the
higher indoor formaldehyde levels in summer than in winter shown in Table 2-18 for
studies with measurements in both seasons].

Park and Ikeda (2006) found that air levels of VOCs in new homes decreased markedly
after one year; however, formaldehyde required a longer flushing period in new homes.
The authors concluded that decreases in indoor formaldehyde levels depend more on time
than on ventilation rates. Gold et al. (1993) noted that older conventional homes had the
lowest indoor concentrations of formaldehyde (compared with new conventional homes
and mobile homes), with values typically less than 50 ppb. This is consistent with the
expected decrease in release of latent formaldehyde from wood-based building materials
as they age. Interior remodeling can also result in increased formaldehyde levels. Tang et
al. (2009) reported that in China, indoor formaldehyde concentrations typically decrease
with time, usually falling below 0.1 mg/m’ [0.08 ppm] about 6 months after remodeling;
however, the authors noted that levels can remain high even up to 1 year after
remodeling.

In 2008, the Centers for Disease Control and Prevention (CDC) released Final Report on
Formaldehyde Levels in FEMA-Supplied Travel Trailers, Park Models, and Mobile
Homes (CDC 2008). The report summarized a study of a stratified random sample of 519
occupied travel trailers, park models, and mobile homes provided by the Federal
Emergency Management Agency (FEMA) for use as temporary shelter for Louisiana and
Mississippi residents displaced by hurricanes Katrina and Rita. The overall geometric
mean indoor formaldehyde level was 77 ppb (range = 3 to 590 ppb). The CDC reported
that formaldehyde levels varied by trailer type (travel trailers had significantly higher
levels than park models or mobile homes), but all types tested had some levels greater
than 100 ppb. Levels also varied by manufacturer. Temperature was the most important
determinant of indoor levels. Other statistically significant determinants of formaldehyde
levels included relative humidity; opened windows, doors, and scuttles; and presence of
mold. Indoor cooking and tobacco smoking contributed to formaldehyde levels, although
not significantly. The CDC noted that since indoor formaldehyde levels tend to be higher
in warmer weather and in newly constructed trailers, the results of this study could have
underestimated long-term exposure levels (many of the trailers were around 2 years old,
and the study was undertaken in winter).

In 2006, ATSDR evaluated data on formaldehyde levels in FEMA temporary housing
units in Baton Rouge, LA. Two different ventilation methods were tested in the study:
Method A relied on running the air conditioning and opening the bathroom vents only,
and Method B relied on opening all windows and vents. The authors found that Method
B was more effective at lowering formaldehyde levels (see Table 2-18) (ATSDR 2007a).
ATSDR (1999) also noted that the generally increased levels of formaldehyde in mobile
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homes would be expected because of their generally lower air-exchange rates. [ARC
noted that formaldehyde in the air of mobile homes has a half-life of about 4 or 5 years.

Residential indoor air levels of formaldehyde have been documented extensively by
IARC (2006), ATSDR (1999), and WHO (1989). U.S. levels from these assessments are
presented in Table 2-18. Residential indoor air levels reported for other countries were
very similar to U.S. levels, and except for one instance (in which > 500 ppb was reported
in Austrian apartments), all data points fell within the range of mean concentrations
reported for the United States. Zhang et al. (2009a) presented graphs showing indoor
formaldehyde air levels for several countries, noting that in general, indoor levels
(including U.S. levels) were below the WHO recommended indoor limit of 0.1 mg/m’
[81 ppb]. However, mean levels for Cairo, Egypt, and Tianjin, China, were slightly
higher than the WHO recommended level (100 ppb for both cities), and levels in Beijing,
China, were roughly 170 ppb in winter and 225 ppb in summer. The ATSDR review
included many measurements made in the mid 1980s or earlier; the authors noted that
production methods have changed since that time period and have reduced formaldehyde
levels in plywood and particleboard; also, the use of UFFI has decreased. The authors
also noted that formaldehyde levels in mobile homes appear to have been decreasing
since about 1980, probably as a result of the use of these reduced-emission products.

Table 2-18. Occurrence of formaldehyde in U.S. residential indoor air

Concentration
mean (range),
Location (year measured) N° in ppb Reference

Manufactured housing

LA & MS, 519 FEMA-supplied 519% 77 (3.0-590) CDC 2008
temporary housing units (Dec. 2007—
Jan. 2008)
Baton Rouge, LA, 96 FEMA-supplied ATSDR 2007a
temporary housing units (2006)

Ventilation with air conditioning and | 1,090 400 (2.8-2,440)

bathroom vents only

Ventilation with open windows and 1,117 140 (2.4-3,659)

vents
Florida, new manufactured house NR 77.2 (NR) Hodgson et al.
(2000) 2002°
United States, East and Southeast Hodgson et al.
(1997-98) 2000°

Indoor level 4 34 (21-47)

Outdoor level 2.0°(NR)
California, mobile homes (1984-85) 470 70-90 (NR) Sexton et al.

1989°

Texas, mobile homes whose residents Norsted et al.
requested testing (1979-82) 443% NR (ND-8,000) 1985¢

Homes < 1 yr old > 2,000 for 27% of homes

Homes > 1 yr old > 2,000 for 11.5% of homes
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Concentration
mean (range),

Location (year measured) N° in ppb Reference
United States (NR) 430* > 1,000 for 4% of samples Breysse 1984°
500-1,000 for 18% of samples
100-500 for 64% of samples
< 100 for 14% of samples
United States (NR) 431* 382 (9.8-2,926) Ulsamer et al.
1982°
United States (NR) Stone et al. 1981°
Complaint homes, WA, < 2 yr old 110* 772 (NR)
Complaint homes, WA, 2—-10 yr old 77* 472 (NR)
Complaint homes, MN, < 2 yr old 66* 846 (NR)
Complaint homes, MN, 2—10 yr old 43* 276 (NR)
Complaint homes, WI, <2 yr old 38* 724 (NR)
Complaint homes, WI, 2—7 yr old 9* 455 (NR)
Random sample, WI, <2 yr old NR 537 (NR)
Wisconsin, complaint homes, 0.2—12 yr | 65%* 480" Dally et al. 1981°
old (NR)
Traditional housing or unspecified
New York City, NY (1999) Kinney et al.
Winter 38 9.8 (NR) 2002°
Summer 41 17.0 (NR)
United States, East and Southeast, site- 7 36° (14-58) Hodgson et al.
built houses (1997-98) 2000
Louisiana, 53 houses: 75% urban and 419 374 (ND-5,365) Lemus et al.
25% rural (NR) 1998"
Boston, MA (1993) Reiss et al. 1995
Winter, 4 residences 14 11.1 (6.0-16.1)
Summer, 9 residences 26 16.1 (5.9-53.8)
Colorado (1992-93) 9 Lindstrom et al.
Prior to occupancy 21 (6.5-54) 1995°
After occupancy for 5 months 40 (26.8-66)
New Jersey, residential houses (1992) 6* Zhang et al.
Indoor 54.56 (NR) 1994b*
Outdoor 12.53 (NR)
Arizona, houses (NR) 202%* 26 (max. 140) Krzyzanowski et
al. 1990°
United States, residential, various 273 35.8" (NR) Shah and Singh
locations (1981-84) 1988°
San Francisco, CA, Bay Area (1984) Sexton et al.
Kitchen 48 41.0 (NR) 1986
Main bedroom 45 36 (NR)
Pullman, WA, houses (NR) NR 5.0-72 (NR) Lamb et al. 1985°
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Concentration
mean (range),

Location (year measured) N° in ppb Reference

United States (NR) Breysse 1984°
UFFI houses 244%* > 1,000 for 2.8% of samples

500-1,000 for 1.9% of samples

100-500 for 24.1% of samples
Non-UFFI houses and apartments 59% < 100 for 71.2% of samples
> 1,000 for 1.8% of samples

500-1,000 for 1.8% of samples

100-500 for 36.3% of samples
< 100 for 60.1% of samples

United States (1982) Hawthorne et al.
Houses 0-30 yr old 40%* 61.7+77.28 1983°
Houses 0-5 yr old 18* 83.7+91.1%

Houses 5-15 yr old 11%* 42.3£42.38
Houses > 15 yr old 1* 31.7+42.38
Houses 0-5 yr old 18*
spring 87.0 £ 92.7¢
summer 111+ 1028
autumn 47.2 £55.38
Houses 5-15 yr old 11*
spring 43.1 £39.8%
summer 48.8 +£48.0%
autumn 34.1 +£35.0%
Houses > 15 yr old 11*
spring 35.8+51.2¢8
summer 29.3 £37.48
autumn 26.0 £22.8%

United States (1983) Grimsrud et al.
Energy-efficient new houses 20% 61.8 (NR) 1983°
Low-ventilation modernized houses 16* 30.1 (NR)

United States (1981) Ulsamer et al.
Houses without UFFI 41%* 32.5(9.8-79.7) 1982°
Houses with UFFI 636* 122 (9.8-3,415)

United States (1980-81) Offerman et al.
Houses averaging 2 yr old 9% 1982°

air-tight construction 35.8+17.98
mechanical ventilation 26.8 £16.3%
Houses averaging 6 yr old (loose 1* 13.8 (NR)
construction)
United States (1978-79) 13* 97.6" (NR) Dally et al. 1981°
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Concentration
mean (range),
Location (year measured) N° in ppb Reference
United States (1979) 2% Berk et al. 1980°
Energy-efficient house 79.7 (32.5-122)
Unoccupied house without furniture 65.9+5.7¢
Unoccupied house with furniture 182.9 £ 13.0%
Occupied house
day 213.8 +21.1%
night 114.6 +35.8%

ND = not detected; NR = not reported.

"Number of samples unless denoted with an asterisk (*), which indicates number of houses.
"Cited in TARC 2006.

‘Geometric mean.

ICited in ATSDR 1999.

°Cited in WHO 1989.

Median.

£Standard deviation.

A number of studies have estimated formaldehyde levels in cigarette mainstream smoke,
sidestream smoke, and indoor air due to smoking. Levels in sidestream smoke have been
estimated to be from 5 to 50 times the levels in mainstream smoke (ATSDR 1999).
Table 2-19 summarizes formaldehyde levels in tobacco smoke and resultant exposure
levels.
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Table 2-19. Formaldehyde levels associated with cigarette smoke

Source or setting Average or range Comment Reference

Formaldehyde levels in cigarettes and cigarette smoke

Total per cigarette ~1,500-2,000 pg Low end of range reported in ATSDR 1999,

WHO 1989 and upper end WHO 1989
reported in ATSDR 1999
Sidestream smoke, total per | 958-2,360 ug (range) | The range represents the WHO 1989,
cigarette minimum and maximum values | 2002
reported across numerous
studies. The low end is the low
end of a range from one study.
The high end is the mean value
from another study (the range for
that study was not provided).

Mainstream smoke Total per cigarette includes data | WHO 2002,
Total per cigarette 8-284 ng from numerous studies involving | 1989, ATSDR
Total per puff 5.1-8.9 pg numerous brands and types of 1999

. N cigarettes. Total per puff data
Concentration 49,000-105,000 ppb from 6 American filter-tip
brands.

Formaldehyde air concentrations due to smoking

50-m’ chamber 97 ppb Six cigarettes smoked over 15 WHO 1989

minutes; chamber averaged 1 air
exchange per hour

30-m’ chamber Formaldehyde yield from 5-10 WHO 1989
0.2-0.3 air exchanges/h 170-284 ppb cigarettes smoked in the
| air exchange/h 40-57 ppb chamber at the two different

exchange rates

Nonsmoking office BD-220 ppb ATSDR 1999

building

Smoking section of BD-600 ppb

building

BD = below detection.

The interior of automobiles can be a significant source of formaldehyde exposure as a
result of off-gassing from interior materials. Using data from chamber tests that showed

an average formaldehyde concentration of 48 pg/m’ [39 ppb] at 23°C [73°F], Schupp et
al. (2005) extrapolated a car concentration of 1,680 pg/m’ [1,370 ppb] at a temperature of
65°C [150°F], which is easily reached in the interior of a car sitting in the sun with the
windows rolled up. Based on air samples taken inside 802 new cars (manufactured in and
after 2003) parked in an underground parking garage, Zhang et al. (2008b) reported a
mean airborne formaldehyde level of 80 pg/m’ [65 ppb] (range = 20 to 1,110 pg/m’ [16

to 900 ppb]). Samples also were taken inside 20 older cars (manufactured before 2003)

for comparison; levels were slightly lower in the older cars.

2.5.2 Water

Formaldehyde has been detected in bottled drinking water, treated drinking water, and
various types of environmental water, including groundwater, surface water, fog, and
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mist. This section discusses formaldehyde levels in these various types of water. Because
drinking water is the most likely potential source of exposure, it is discussed first,
followed by a discussion of formaldehyde levels in other types of environmental waters.

2.5.2.1 Drinking water

Formaldehyde in treated drinking water occurs primarily through the oxidation of organic
matter during ozonation or chlorination (WHO 2005); however, formaldehyde can also
be present in the water before treatment. Krasner et al. (1989) reported the results of a
study on the occurrence of disinfection by-products in U.S. drinking-water supplies.
Formaldehyde and several other disinfection by-products were measured both pre- and
post-treatment at 35 drinking-water treatment facilities in 1988 and 1989. To ensure that
the facilities chosen for analysis were representative, selection was based on the type of
source water, type of treatment process, population served, geographic location, and the
disinfectants used (i.e., free chlorine, chloramines, chlorine dioxide, or ozone). Levels of
disinfection by-products were assessed quarterly (spring, summer, fall, and winter, 1988
to 1989), and the data for formaldehyde are presented in Table 2-20 note that
formaldehyde was not assessed in the spring. To determine whether the formaldehyde
was produced during the disinfection process or originated from the source water,
formaldehyde was measured in the influents of all 35 facilities. It was detected in 16
influent samples at levels ranging from 1.2 to 13 pg/L, with a median of 2.8 pg/L. The
median for all samples (including samples in which no formaldehyde was detected) was
less than 1 pg/L. The authors suggested that the presence of formaldehyde in treated
drinking water depends on a combination of the disinfection process and the influent
water quality. It was noted, however, that formaldehyde clearly was a product of the
oxidation-disinfection process, and that formaldehyde levels were higher at facilities that
used ozone treatment.

Formaldehyde can also contaminate drinking water through leaching from polyacetal
plastic fittings whose protective coatings have been compromised (Tomkins ef al. 1989,
Owen et al. 1990, WHO 2002). Concentrations ranging from roughly 20 to 100 pug/L
have been reported to result from this process; levels were positively associated with the
residence time of the water in the pipe (Owen et al. 1990).

WHO (2002) noted that based on limited U.S. data, formaldehyde concentrations in
drinking water may range up to approximately 10 pg/L in the absence of contributions
from ozone treatment during water treatment or from leaching of formaldehyde from
polyacetal plumbing fixtures.

Formaldehyde has also been detected in bottled drinking waters. Mutsuga et al. (2006)
purchased 20 polyethylene terephthalate (PET) bottles of mineral water and analyzed the
water for formaldehyde and acetaldehyde. Of the 20 bottles of water, 6 were bottled in
Japan, 11 in Europe, and 3 in North America. All of the Japanese bottled-water samples
contained detectable levels of formaldehyde, whereas 3 of the 11 European samples and
2 of the 3 North American samples had detectable formaldehyde levels (see Table 2-20).
The authors concluded that formaldehyde in the water was due to leaching from the PET
bottles. In further investigations to explain the absence of formaldehyde from some of the
water samples, the authors discovered that the water samples without formaldehyde were
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unsterilized and contained heterotrophic bacteria. Based on these findings, the authors
suggested that formaldehyde probably had leached from the PET bottles but had been
decomposed by the bacteria.

Tsai et al. (2003) measured formaldehyde levels in 63 brands of packed drinking water
and 13 brands of barreled drinking water in Taiwan. The authors reported that all
concentrations were below 129 ppb [129 pg/L] [specific levels not reported] and noted
that these levels were well below the WHO water-quality guidelines of 900 pg/L. No
additional information was found specifically for bottled water in the United States.
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Table 2-20. Formaldehyde concentrations in drinking water

Concentration,

Water type in pg/L Comments Reference
U.S. drinking water at Formaldehyde was detected at Krasner et
treatment facility concentrations ranging from 1.2 to 13 | a/. 1989
Summer 1988 510 pg/L in influents of 16 of 35
Fall 1988 3 50 treatment fa0111t1es; however, authors
. ) noted that it was also created through
Winter 1988—89 2.0° t i
reatment by ozonation or
chlorination
U.S. domestic drinking water ~20-100 Concentrations observed in a study WHO 2002
assessing the leaching of
formaldehyde from domestic
polyacetal plumbing fixtures. [The
low end is assumed to represent
normal conditions and the high end
to represent a reasonable worst-case
scenario. ]
U.S. domestic drinking water ~ 10 Levels expected without WHO 2002

contributions from ozone treatment
during water treatment or by leaching
from polyacetal plumbing fixtures

U.S. drinking water BD U.S. EPA’s 1975 report on National | ATSDR
Organics Reconnaissance Survey of | 1999
Suspected Carcinogens in Drinking

Water
Drinking water <100 Noted as generally less than this level | WHO 1989
(location not reported)
Drinking water (treated with <50 Noted as unlikely to exceed this level | WHO 2005
ozone; location not reported)
Bottled water Range of levels detected in water Mutsuga et
Bottled in Japan 10.1=27.9 from 20 PET bottles. Detectable al. 2006
Bottled in Europe 78-13.7 levels were found in 6 of 6 Japanese,

3 of 11 European, and 2 of 3 North

Bottled in North America 13.6, 19.5 American bottled waters.
63 brands of packed drinking <129 Specific levels not reported Tsai et al.
water and 13 brands of 2003
barreled drinking water in
Taiwan

BD = below detection; PET = polyethylene terephthalate.
*Median; range not reported.

2.5.2.2 Environmental water

Groundwater can be contaminated by formaldehyde leaching from surface soils into the
water table and through underground injection of wastes. In 2007, underground injection
of formaldehyde was the predominant source of industrial release to the environment,
based on TRI reporting data; 11.9 million pounds [5,398 metric tons] were released to
on-site and off-site underground injection wells, accounting for 54% of total U.S. releases
reported for the TRI (TRI 2009). As a percentage of total releases, underground injection
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has trended upward since 1988, with a minimum of 29% in 1992 and a maximum of 55%
in 2006. ATSDR (1999) reported that formaldehyde had been detected in groundwater at
4 of 26 hazardous waste sites at which at least one environmental medium was
contaminated with formaldehyde. No information was found on the fate of formaldehyde
in groundwater.

Surface water can be contaminated via the direct discharge of formaldehyde-containing
wastes, the use of formaldehyde in aquaculture, formaldehyde runoff from hazardous
waste sites, and land disposal of formaldehyde-containing wastes. Formaldehyde releases
to U.S. surface waters totaling 278,335 pounds [126 metric tons] were reported to the
TRI for 2007 (TRI 2009), accounting for roughly 1% of all formaldehyde releases
reported to the TRI. Discharges to surface water have declined steadily since 1988 when
904,547 pounds [410 metric tons] were reported. The minimum amount reported from
1988 through 2007 was 277,083 pounds [126 metric tons] in 2003. Formaldehyde-
containing wastes may also be sent to publicly owned treatment works (POTWs) and
subsequently released to surface waters. For example, formaldehyde has been found in
hospital effluent at a 24-hour average concentration of 0.07 mg/L (Boillot ef al. 2008). As
a result of treatment at POTWs, only a fraction of formaldehyde received is expected to
be released to surface waters (ATSDR 1999); however, no data on treatment efficiency or
resultant discharge levels were found.

Formalin is commonly used in fish-culture activities to treat fish with fungal or
ectoparasitic infections; after use, formaldehyde solutions often are discharged into the
hatchery effluent (WHO 1989). No data were found on formaldehyde levels in water due
to such discharges.

In 1999, ATSDR (1999) noted that formaldehyde had been detected in surface water at 5
of 26 hazardous waste sites at which at least one environmental medium was
contaminated with formaldehyde. In 2007, roughly 373,000 pounds [169 metric tons] of
formaldehyde was disposed of in U.S. landfills, surface impoundments, land treatment
sites, and other land disposal sites, accounting for less than 2% of total U.S. releases
reported to the TRI for that year (TRI 2009). No information was available to estimate
the impacts to surface water from these land disposals.

Although volatilization of formaldehyde from surface waters is expected to be low,
biodegradation in surface water is a significant degradation process; formaldehyde is
biodegraded to low levels within a few days. In one study, formaldehyde was completely
biodegraded in water from a stagnant lake within 30 hours under aerobic conditions and
within 48 hours under anaerobic conditions (ATSDR 1999). Based on its low Ky,
adsorption of formaldehyde to sediment is expected to be low (Howard 1989). Biotic and
abiotic degradation are expected to be significant fate processes in sediment.

Table 2-21 provides data on formaldehyde levels in U.S. environmental waters.
ATSDR’s HazDat database provided the only data found for U.S. groundwater levels.
(The on-line HazDat database provides only maximum values measured at Superfund
sites or other facilities where ATSDR has performed a site assessment.} Three data
points were provided for formaldehyde: 0.1 ppm [~0.0001 pg/L] measured in 1979 at a
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facility in New Jersey, 0.0005 pg/L measured in 1980 at a facility in North Carolina, and
140 pg/L at a facility in California (year not reported). WHO (2002) presented results of
groundwater monitoring at two industrial facilities in Canada where groundwater had
been contaminated with formaldehyde. For one facility, which produced and used
formaldehyde, formaldehyde was detected in 43 samples at concentrations ranging from
65 to 690,000 ng/L and was not detected in 10 samples (detection limit = 50 ug/L). This
site was monitored from November 1991 to February 1992 as part of a program to
delineate the boundaries of groundwater contamination at the facility. At the other
facility, which produced UF resins, quarterly analyses of five on-site monitoring wells in
1996 and 1997 showed formaldehyde concentrations ranging from below the limit of
detection to 8,200 ng/L, with an overall median of 100 pg/L. It was noted that
concentrations measured in various wells indicated little dispersion from the source of
contamination. Groundwater samples collected down gradient from six cemeteries in
Ontario, Canada, contained formaldehyde at levels ranging from 1 to 30 ug/L (WHO

2002).

Table 2-21. Formaldehyde levels in U.S. environmental water

Water type Concentration, in pg/L Comments Reference
Groundwater 100-500 Range of maximum values from 3 ATSDR
locations in ATSDR’s HazDat database 2007b
Surface water 2,100, 7,400 Maximum values from two locations in ATSDR
ATSDR’s HazDat database 2007b
Surface water BD-12 Of 204 sites in 14 heavily industrialized | Howard 1989
U.S. river basins, 1 site had detectable
formaldehyde
Rainwater BD-0.06 California ATSDR 1999
Fog water 1,800° Corvallis, OR ATSDR 1999
(400-3,000)"
Fog water 3,000° Riverside, CA ATSDR 1999
(120-6,800)"
Mist water 250 Long Beach, CA ATSDR 1999
560 Marina del Ray, CA
Snow 18-901 California WHO 2002

BD = below detection.
*Volume-weighted mean.

bRange.
“Median.

As with groundwater, ATSDR’s HazDat database provided the only data on U.S. surface-
water levels of formaldehyde providing maximum levels at two locations in California of
7,400 pg/L and 2,100 ppb [~2,100 pg/L].

Because of its high solubility in water, formaldehyde is efficiently transferred into
clouds, fog, and precipitation, leading to potentially high levels in these media (Table 2-
21). WHO (2002) noted that formaldehyde has a washout ratio (concentration in rain to
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concentration in air) of 73,000, and thus is estimated to be efficiently removed from the
atmosphere by atmospheric water. Levels of formaldehyde in rainwater in California

have been reported to range from below detection (level of detection not reported) to 0.06
ug/L (ATSDR 1999). WHO (1989) reported levels in rainwater ranging from 8 pg/L (a
mean level reported for the central equatorial Pacific Ocean) to 1,380 pg/L (location not
reported). No information was provided that would explain why these levels were so
much higher than the levels reported by ATSDR (1999).

No data were found on formaldehyde levels in water sediment.

2.5.3 Land and soil

Formaldehyde occurs in soil through its use in controlled-release fertilizers, its use as a
fumigant, and land disposal of industrial, construction, demolition, and other wastes.
Formaldehyde could be released to soil from hazardous waste sites (ATSDR 1999). It is
also formed naturally in soil during decomposition of plants (WHO 1989).

Based on TRI data, 373,000 pounds [169 metric tons] of formaldehyde were released to
land in 2007: 82% to landfills, 14% to surface impoundments, 3% to land treatment sites,
and 1% to other land disposal sites (TRI 2009). Land disposal has declined considerably
but has fluctuated widely since TRI data were first reported, from a maximum disposal of
1.25 million pounds [567 metric tons] in 1988 to a minimum of about 205,000 pounds

[93 metric tons] in 1997. As noted above, over 11.9 million pounds [5,398 metric tons] of
formaldehyde were released to underground injection wells in 2007: 98% to on-site wells
and 2% to off-site wells. Since 1988 (the first year in which data were reported),
underground injection releases have ranged from around 5 million pounds [2,268 metric
tons] in 1992 to over 13.6 million pounds [6,169 metric tons] in 2004.

Formaldehyde is degradable under both aerobic and anaerobic conditions (Howard
1989); however, no soil degradation rates were found in the literature. It has a low soil-
adsorption coefficient, meaning that it is very mobile in soils (WHO 1989). Based on its
Henry’s law constant, it is not expected to volatilize appreciably (Howard 1989).

Although large amounts of formaldehyde are disposed of on land and in the ground, no
U.S. soil concentration data were found. In Canada, soil levels were measured in 1991 at
a plywood manufacturing facility that used PF resins. Six soil samples contained
formaldehyde concentrations ranging from 73 to 80 mg/kg, with a mean of 76 mg/kg
(WHO 2002).

2.5.4 Food

Formaldehyde can occur in food naturally, through direct addition as a preservative, as a
result of cooking or smoking of foods, or through inadvertent contamination (e.g., from
its use as a fumigant or from the use of utensils made from formaldehyde resins)
(Howard 1989, WHO 1989, ATSDR 1999). Formaldehyde has also been shown to be
eluted from formaldehyde-resin plastic dishes by water, acetic acid, and ethanol at
temperature-proportionate levels (ATSDR 1999). Formaldehyde levels in fresh fruit have
been found to increase after refrigeration (Tang et al. 2009).
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As shown in Table 2-22, generally higher formaldehyde levels have been seen in fish and
seafood than in other foods, aside from smoked ham. Formaldehyde develops
postmortem in marine fish and crustaceans via enzymatic reduction of trimethylamine
oxide (WHO 2002). Formaldehyde will accumulate in some fish species, including cod,
pollack, and haddock, during frozen storage. The formaldehyde formed in fish reacts with
protein, causing muscle toughness, and it has been suggested that fish containing the
highest levels of formaldehyde may not be palatable for human consumption. Li et al.
(2007b) observed variable formaldehyde levels among four species of squid; levels
generally were far higher in viscera than in muscle of frozen squid. The authors also
noted that formaldehyde levels increased with increasing cooking temperature.

Tang et al. (2009) reported that an illegal use of synthetic formaldehyde (Rongalite
[Rongalit, a registered trademark of BASF; i.e., sodium formaldehyde sulfoxylate]) as a
food preservative is common in Chinese markets, and that formaldehyde-induced food
poisoning remains a huge problem in China because of this practice. Based on data from
seven independent studies, Tang et al. reported high formaldehyde levels in seafood due
to this practice (Table 2-22).
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Table 2-22. Formaldehyde levels in food

Concentration,

Food in mg/kg Comment Reference
Fruits and vegetables
60 different fresh fruits: Reported that fruits had levels below Tang et al.
Without refrigeration <2.74 2.74 but the levels increased 2.3 to 3.8 2009
With refrigeration [<6.3-10.4] times with refrigeration

Pear 38.7, 60 Values based on two different analytical | WHO 1989
Apple 17.3,22.3 | methods WHO 1989
Cabbage 4.7,5.3 WHO 1989
Carrot 6.7, 10 WHO 1989
Green onion 13.3,26.3 WHO 1989
Spinach 33,73 WHO 1989
Tomato 57,73 WHO 1989
White radish 3.7,44 WHO 1989
Meat
Pig 20 WHO 1989
Sheep 8 WHO 1989
Poultry 5.7 WHO 1989
Smoked ham 267 Value for the outer layer of ham WHO 2002
Milk and milk products
Goat’s milk 1 WHO 1989
Cow’s milk <33 WHO 1989
Cow’s milk 0.22 Maximum value from cows fed WHO 2002

formalin; it was noted that this was

roughly 10 times the level in milk from

cows without added formalin in the diet
Cow’s milk (fresh) 0.013-0.057 Higher levels in processed milk were WHO 2002

0.027 (mean) attributed to processing technique,
Processed 2% milk 0.075-0.255 | packaging, and storage
0.164 (mean)

Cheese <33 WHO 1989
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Concentration,

Food in mg/kg Comment Reference
Fish and seafood
Squid 10.7-165 Levels across the muscle and viscera Lietal
and for dried squid thread for 4 species | 2007b
Freshwater fish 8.8 Fumigation process not described in the | WHO 1989
(fumigated) source
Ocean fish (fumigated) 20
Cod (frozen) 20 WHO 1989
Shrimp (live) 1 WHO 1989
Crustaceans 1-60 WHO 1989
(Mediterranean)
Crustaceans (ocean) 3-98 WHO 1989
Fresh marine products 2177+ 141 Includes products such as mackerel, Tang et al.
(mean + std. squid, pomfret, hairtail, sea cucumber, 2009
dev.) red shrimp, yellow croaker, scallop and
octopus
Marine products illegally ~300-4,250 Results of 7 independent studies in 6 Tang et al.
treated with formaldehyde Chinese cities 2009
preservative
Beverages
Fruit and vegetable juices <800 It was reported that concentrations up to | WHO 2002
800 mg/kg have been reported in fruit
and vegetable juices in Bulgaria
Alcoholic beverages 0.02-3.8 mg/L | Concentrations from a variety of WHO 2002
alcoholic beverages from a study in
Japan and a study in Brazil
Canned or bottled beer 0.1-1.5 WHO 2002
Beer 0.1-0.9 Levels in China across domestic and Tang et al.
imported beers 2009
Canned or bottled cola 7.4-8.7 WHO 2002
Brewed coffee 3.4-4.5 WHO 2002
Instant coffee 10-16 WHO 2002
Other
Shiitake mushroom 40-380 Range of base concentration Tang et al.
measurements 2009
Vermicelli noodles 0.011-3.38 Full range across two studies Tang et al.
2009
Maple syrup Trees treated with paraformaldehyde to | WHO 2002
Untreated trees <1 deter bacterial growth
Treated trees up to 14
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The artificial sweetener aspartame consists of 10% methanol, which Humpbhries ef al.
(2008) reported can be converted to formaldehyde and other derivatives. The authors also
noted that research has shown that formaldehyde adducts accumulate in the tissues after
aspartame ingestion.

Formaldehyde can be added to ruminant feeds to improve handling characteristics. It has
been estimated that animals may ingest as much as 0.25% formaldehyde in their diets
(WHO 2002). Formalin has been added as a preservative to skim milk fed to pigs in the
United Kingdom and to liquid whey fed to cows and calves in Canada. Formaldehyde
levels in milk from cows fed formalin at the highest concentration were up to 10 times
the level in milk from control cows. No data were found on levels in meat due to
formaldehyde in animals’ diets.

2.6 Exposure estimates

Exposure to formaldehyde can occur from breathing of air and tobacco smoke; ingestion
of food, drinking water, and other beverages; dermal contact; and, rarely, direct entry of
aqueous solution into the bloodstream (e.g., during medical procedures in which
machines or tubing have been disinfected with formaldehyde) (WHO 1989, ATSDR
1999, TARC 2006). As noted above, there are no widely accepted biomarkers for
formaldehyde exposure and, therefore, very few data on human intake levels. Exposure
can be estimated by combining media concentration information with assumed ingestion
and inhalation rates and making various assumptions about the duration of exposure
periods. Exposure estimates found in the literature are provided in Table 2-23.
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Table 2-23. Estimated formaldehyde exposure levels

Intake,
Source in mg/day Comment Reference
Food 1.5-14 Range based on meal composition WHO 1989
Workplace air Assumes 25% of day at work. Without | Fishbein
Without occupational exposure 0.2-0.8 occupational exposure assumes normal | 1992, WHO
With occupational exposure 5.0-8.0 concentrations in conventional 2002
buildings; with occupational exposure
assumes 1 mg/m’ [810 ppb] air
concentrations. Ranges are across two
datasets.
Tobacco smoke Environmental tobacco smoke WHO 2000
Smoking 20 cigarettes/day 0.9-2.0 exposure assumes 25% of the day at
Environmental tobacco smoke work and 65% of the day at home, with
o 0.5.35 concentrations of 50-350 pg/m’ [40—
ome S5-3. 280 ppb]
Work 0.4-2.8
Smoking 20 cigarettes/day 1.0 Authors noted that environmental Fishbein
Environmental tobacco smoke 0.1-1.0 tobacco smoke can contribute 10%— 1992
25% of indoor exposure
Residential indoor air Assumes 65% of time at home, 30—60 WHO 2000
Conventional home 0.3-0.6 ug/m* [24-50 ppb] for conventional
Mobile home 1.0 home, and 100 pg/m’ [81 ppb] for
mobile home
Residential indoor air Assumes 65% of day spent in residence | Fishbein
Conventional home 0.5-2.0 and 10% of day spent outdoors 1992
Prefabricated home 1.0-10.0
Outdoor air 0.02
Indoor air 1.0 Estimates for the Finnish population HSDB 2007
Outdoor air 0.1
Outdoor air 0.002-0.04 | Assumes 10% of time spent outdoors WHO 2000
and 2 m*/d intake at 1-20 pg/m’ [0.8—
16 ppb] concentration
Drinking water <0.2 Assumes that concentrations in WHO 1989
drinking water are normally less than
0.1 mg/L
Cosmetics Hand-cream exposure assumes ATSDR
Hand cream 0.1% 2-g/application containing 2 mg of 1999
Suntan lotion 0.85 formaldehyde and 5% absorption; same
' assumptions for suntan lotion except
17 g applied
*Milligrams absorbed per application.
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2.7 Regulations and Guidelines

2.7.1 Regulations
Coast Guard, Department of Homeland Security

46 CFR 150 and 151 detail procedures for shipping formaldehyde, formaldehyde
solution, and 1,3,5-trioxane with incompatible chemicals.

Minimum requirements have been established for safe transport of formaldehyde
solutions on ships and barges.

Consumer Product Safety Commission (CPSC)

Formaldehyde and products containing 1% or more formaldehyde are considered "strong
sensitizers" and must display a warning label.

Department of Agriculture (USDA)

Limits have been established for the amount of residual formaldehyde in inactivated
bacterial products and killed-virus vaccines.

Department of Transportation (DOT)

Formaldehyde, formalin, and paraformaldehyde are considered hazardous materials, and
special requirements have been set for marking, labeling, and transporting these
materials, as prescribed in 49 CFR 172.

Environmental Protection Agency (EPA)
Clean Air Act

Clean-Fuel Vehicles: Formaldehyde emissions limits have been established for various
classes of clean-fuel vehicles.

Control of Emissions from New and In-Use Highway Vehicles and Engines:
Formaldehyde emissions limits have been established for various classes of vehicles.

Mobile Source Air Toxics: Listed as a mobile source air toxic for which regulations are to
be developed.

National Emissions Standards for Hazardous Air Pollutants (NESHAP): Listed as a
hazardous air pollutant.

New Source Performance Standards (NSPS): Manufacture of formaldehyde is subject to
certain provisions for the control of VOC emissions.

Prevention of Accidental Release: Threshold quantity (TQ) = 15,000 Ib.

Regulation of Fuels and Fuel Additives: Under reformulated gasoline certification
requirements, formaldehyde emissions levels must not be exceeded.

Urban Air Toxics Strategy: ldentified as one of 33 HAPs that present the greatest threat
to public health in urban areas.
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Clean Water Act

Designation of Hazardous Substances: Formaldehyde and paraformaldehyde both are
listed as hazardous substances.

Comprehensive Environmental Response, Compensation, and Liability Act
Formaldehyde reportable quantity = 100 Ib.

Paraformaldehyde reportable quantity = 1,000 Ib.

Emergency Planning and Community Right-To-Know Act

Toxics Release Inventory (TRI): Listed substance subject to reporting requirements.
Reportable quantity = 100 Ib.

Threshold planning quantity = 500 Ib.

Resource Conservation and Recovery Act

Listed hazardous waste: Waste codes in which listing is based wholly or partly on
formaldehyde — U122, K009, K010, K038, K040, K156, and K157.

Listed as a hazardous constituent of waste.

Food and Drug Administration (FDA)

Numerous formaldehyde-based chemicals may be used as components of adhesives and
coatings in packaging, transporting, or holding food provided that conditions prescribed
in 21 CFR 175 are met.

Numerous formaldehyde-based chemicals may be safely used as articles intended for use
in contact with food provided that conditions prescribed in 21 CFR 177 are met.

Numerous formaldehyde-based chemicals may be used in the production of paper
products intended for use in producing, processing, preparing, treating, packaging,
transporting, or holding food provided that conditions prescribed in 21 CFR 176 are met.

Formaldehyde and formaldehyde-based chemicals may be used as adjuvants, production
aids, and sanitizers that come in contact with foods provided that conditions prescribed in
21 CFR 178 are met.

Formaldehyde-based ion-exchange resins may be used in the treatment of food provided
that conditions prescribed in 21 CFR 173 are met.

Formaldehyde may be safely used in the manufacture of animal feeds in accordance with
conditions prescribed in 21 CFR 573.460.

Formalin, containing approximately 37% formaldehyde gas by weight, can be used in
environmental waters for the control of fungi and parasites for certain finfish and
shellfish as prescribed in 21 CFR 529.

U.S. Department of Housing and Urban Development (HUD)

All plywood and particleboard materials bonded with a resin system or coated with a
surface finish containing formaldehyde shall not exceed the following emission levels
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when installed in manufactured homes: 0.2 ppm for plywood and 0.3 ppm for
particleboard.

Manufactured homes must prominently display a notice which provides information on
formaldehyde sources, levels, health effects, and remedial actions to reduce indoor levels.
Mine Safety and Health Administration

Approval Requirements for Permissible Mobile Diesel-Powered Transportation
Equipment: Engine exhaust from mobile diesel-powered transportation equipment must
be diluted with air so that the mixture contains no more than 0.001% by volume of
aldehydes, calculated as equivalent formaldehyde.

Occupational Safety and Health Administration (OSHA)

Permissible exposure limit (PEL) = 0.75 ppm [0.92 mg/m’] (8-h TWA)).

Short-term exposure limit = 2 ppm [2.46 mg/m’] (15-min exposure).

Action level = 0.5 ppm [0.61 mg/m’] (8-h TWA).

Comprehensive standards have been developed for occupational exposure to
formaldehyde gas, its solutions, and materials that release formaldehyde.

Requirements for preventing or minimizing the consequences of catastrophic releases of
toxic, reactive, flammable, or explosive chemicals are prescribed in 29 CFR 1910.119;
the threshold quantity (TQ) for formaldehyde is 1,000 Ib.

2.7.2 Guidelines
American Conference of Governmental Industrial Hygienists (ACGIH)

Threshold limit value — ceiling (TLV-C) = 0.3 ppm [0.37 mg/m’].

Listed as a suspected human carcinogen.

National Institute for Occupational Safety and Health (NIOSH)
Recommended exposure limit (REL) = 0.016 ppm [0.02 mg/m’] (10-h TWA).
Immediately dangerous to life and health (IDLH) level = 20 ppm [24.56 mg/m’].
Ceiling recommended exposure limit = 0.1 ppm [0.12 mg/m’] (15-min exposure).

Listed as a potential occupational carcinogen.
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2.8  Summary

Formaldehyde has numerous industrial and commercial uses and is produced in very
large amounts (billions of pounds per year in the United States) by catalytic oxidation of
methanol. Its predominant use, accounting for roughly 55% of consumption, is in the
production of industrial resins, which are used in the production of numerous commercial
products. Formaldehyde is used in industrial processes primarily as a solution (formalin)
or solid (paraformaldehyde or trioxane), but exposure is frequently to formaldehyde gas,
which is released during many of the processes. Formaldehyde gas is also created from
the combustion of organic material and can be produced secondarily in air from
photochemical reactions involving virtually all classes of hydrocarbon pollutants. In
some instances, secondary production may exceed direct air emissions. Formaldehyde is
also produced endogenously in humans and animals.

Formaldehyde is a simple, one-carbon molecule that is rapidly metabolized, is
endogenously produced, and is also formed through the metabolism of many xenobiotic
agents. Because of these issues, typical biological indices of exposure, such as levels of
formaldehyde or its metabolites in blood or urine, have proven to be ineffective measures
of exposure. Formaldehyde can bind covalently to single-stranded DNA and protein to
form crosslinks, or with human serum albumin or the N-terminal valine of hemoglobin to
form molecular adducts, and these reaction products of formaldehyde might serve as
biomarkers for exposure to formaldehyde.

Occupational exposure to formaldehyde is highly variable and can occur in numerous
industries, including the manufacture of formaldehyde and formaldehyde-based resins,
wood-composite and furniture production, plastics production, histology and pathology,
embalming and biology laboratories, foundries, fiberglass production, construction,
agriculture, and firefighting, among others. In fact, because formaldehyde is ubiquitous,
it has been suggested that occupational exposure to formaldehyde occurs in all work
places.

Formaldehyde is also ubiquitous in the environment and has been detected in indoor and
outdoor air; in treated drinking water, bottled drinking water, surface water, and
groundwater; on land and in the soil; and in numerous types of food.

The primary source of exposure is from inhalation of formaldehyde gas in indoor settings
(both residential and occupational); however, formaldehyde also may adsorb to respirable
particles, providing a source of additional exposure. Major sources of formaldehyde
exposure for the general public have included combustion sources (both indoor and
outdoor sources including industrial and automobile emissions, home cooking and
heating, and cigarette smoke), off-gassing from numerous construction and home
furnishing products, and off-gassing from numerous consumer goods. Ingestion of food
and water can also be a significant source of exposure to formaldehyde.

Numerous agencies, including the Department of Homeland Security, CPSC, DOT, EPA,
FDA, HUD, the Mine Safety and Health Administration, OSHA, ACGIH, and NIOSH,
have developed regulations and guidelines to reduce exposure to formaldehyde.
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3 Human Cancer Studies

This section reviews the epidemiologic literature on formaldehyde exposure and human
cancer risk. As mentioned in Section 1, formaldehyde was nominated for review by the
RoC based on an evaluation by the International Agency for Research on Cancer (IARC).
In 2004 and 2009, TARC working groups classified formaldehyde as carcinogenic to
humans (Group 1) (IARC 2006, Baan et al. 2009), based on sufficient evidence for the
carcinogenicity of formaldehyde in humans for leukemia and nasopharyngeal cancer.

The vast majority of epidemiologic studies on formaldehyde and cancer have focused on
occupational, rather than recreational or environmental, exposures. Industries known to
involve formaldehyde exposure include (but are not limited to) formaldehyde production
or other chemical manufacture using formaldehyde resins; wood, plywood, particleboard,
and paper manufacture; garment and other textile manufacture; work in foundries;
production of glass fibers, plastics, and rubber products; and health professions, including
pathology and embalming (see Section 2.4 for more information about exposed
occupations). To date, only one study has evaluated residential formaldehyde exposure
and cancer risk among individuals living in mobile homes constructed with
formaldehyde-treated material (Vaughan et al. 1986b); however, this study is excluded
from this review because the exposed number of cases was too small for meaningful
analysis.

Epidemiologic studies evaluating formaldehyde exposure and cancer risk were identified
by searching databases (primarily Medline and Web of Science) initially using the search
terms “formaldehyde” in combination with “epidemiologic studies” or “mortality” and
“neoplasm” or “cancer.” Online searches were supplemented through the bibliographies
of retrieved papers (original research papers, reviews, and meta-analyses). Case reports
and letters to the editor were excluded from this review. In general, studies were excluded
if a more recent study completely subsumed a previous analysis conducted within the
same study population; reference is made to the results of earlier studies where the
population or analysis differs or substantially different findings were reported. Also,
some analytic studies were excluded from this review for one or more of the following
reasons: (1) they were not peer reviewed (Robinson ef al. 1987, Matanoski 1991), (2)
they had excessively small sample size (Hernberg ef al. 1983a,b, Brinton ef al. 1984,
Vaughan et al. 1986b Fondelli ef al. 2007), (3) the authors did not provide any cancer
risk estimates for formaldehyde (Nisse et al. 2001, Ambroise et al. 2005), (4) the extent
or effects of potential exposure to formaldehyde cannot be evaluated due to exposure to
complex mixtures containing formaldehyde (McDuffie e al. 2001, Chen et al. 2008), or
(5) no English translation was available (Andersen ef al. 1982). While meta-analyses and
pooled analyses were included in the review, descriptive reviews were generally
excluded. Further exclusions are cited in the corresponding sections relevant to these
studies.

Section 3.1 provides background information on head and neck cancers, which, due to the
potential carcinogenic effects of direct contact with inhaled formaldehyde, are among the
tumor sites of primary interest. That section also discusses other potential tumor sites.
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Sections 3.2 to 3.5 describe the individual epidemiologic studies, and are organized
primarily by study population and study design, as follows: (1) Section 3.2 describes
historical cohort and nested case-control studies among industrial workers; (2) Section
3.3 reviews historical cohort and nested case-control studies among health professional
workers; (3) Section 3.4 describes population-based cohort and cancer registry studies;
and (4) Section 3.5 describes population-based case-control studies, and is organized by
tumor sites. Section 3.6 summarizes findings organized by tumor site, and Section 3.7 is
an overall summary of the entire body of epidemiologic literature included in the review.

3.1 Cancer sites reviewed in Sections 3.2 and 3.3

3.1.1 Upper respiratory system (head and neck) cancers

Head and neck cancers associated with the upper respiratory tract include cancers of the
paranasal sinuses and nasal cavity, nasopharynx, oral (or buccal) cavity and salivary
glands, pharynx, larynx, and trachea. Cancers of the brain, eye, and thyroid are not
usually defined as cancers of the head and neck. The estimated incidence of new cases of
head and neck cancer in the United States in 2009 was 48,010 people (35,260 men and
12,850 women), and the estimated mortality was 11,260 deaths (8,140 men and 3,120
women) (Perez et al. 2009). See Figure 3-1 for an illustration of the upper respiratory
system.

Paranasal
Sinuses
Nasal
Cavity % ‘
Nasopharynx
Oropharynx
Tongue Hypopharynx
Esophagus
Larynx
Thyroid Trachea

Figure 3-1. Upper respiratory system

(Illustration prepared by Donna Jeanne Corocran, Image Associates, Durham, NC.)
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Sinonasal carcinoma comprises all cancers of the paranasal sinuses and nasal cavity,
which are small hollow spaces lined with mucosal tissue in and around the nose. The
histology of these tumors is primarily squamous-cell (60% to 70%). These carcinomas
have been a particular focus in formaldehyde studies as the nasal sinuses are the initial
site of contact with inhaled formaldehyde. Pharyngeal carcinomas (also known as throat
cancer) are also primarily squamous-cell type and include nasopharyngeal,
oropharyngeal, and hypopharyngeal carcinomas. Oro- and hypopharyngeal carcinomas
are often grouped together in epidemiologic studies. Many studies of formaldehyde
exposure and pharyngeal cancer have focused only on nasopharyngeal cancers since the
nasopharynx is thought to be the primary site of contact in the pharynx following
inhalation exposure to formaldehyde.

3.1.2 Lower respiratory system cancers

The lower respiratory tract begins after the larynx at the start of the trachea. The trachea
enters the left and right lung as primary bronchi which bifurcate into secondary and
tertiary bronchi and, finally, to bronchioles. The alveoli (air sacs) are attached to the
bronchioles (see Figure 3-2).

Lung cancers are the most common type of cancer associated with the lower respiratory
tract. The American Cancer Society estimated that cancer of the lung and bronchus
accounted for approximately 15% of all cancers in the United States in 2009 (Jemal ef al.
2009). Lung cancers are divided into two classes: non-small-cell lung cancer and small-
cell lung cancer. Non-small-cell lung cancers are the more common of the two types and
may have the histological description of squamous-cell carcinoma, adenocarcinoma,
large-cell carcinoma, or may be grouped together. Small-cell carcinomas make up
approximately 15% of the bronchogenic cancers and are the more aggressive of the two
forms of tumor.
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Bronchi, Bronchial Tree, and Lungs _
Fulmanary vein

Larynx S
— = e
TR
(= Pulmonary artery -
Frimary bronchi ’g ; —
= rachea
=
Secondary bronchi 7 E
s )
Tertiary bronchi 1:~
Bronchioles

Alveolar duct Alvaoli

Cardiac notch

Figure 3-2. Lower respiratory system
Source: http://upload.wikimedia.org/wikipedia/commons/d/db/Illu_bronchi_lungs.jpg.

3.1.3 Lymphohematopoietic cancers

Malignant blood diseases (leukemia, lymphomas, and myeloma) are a heterogenous
group of neoplasms that arise from stem cells at different hierarchical levels of
hematopoietic and lymphoid cell development (Greaves 2004, Kumar ef al. 2010). Blood
cells arise from a common pluripotent progenitor cell (stem cell). In the bone marrow,
this stem cell forms two multipotent progenitor cells, the common myeloid stem cell and
the common lymphoid stem cell (For more details, see Section 5.7.6 and Figure 5-4).
Examples of lymphoid neoplasms are chronic lymphocytic leukemia, multiple myeloma,
Hodgkin’s lymphoma, and non-Hodgkin’s lymphoma, and an example of myeloid
neoplasm is myeloid leukemia. The terms leukemia and lymphoma are used to describe
the usual tissue distribution of the disease (bone marrow and peripheral blood vs. discrete
mass in lymphoid tissue) at the time of clinical presentation, but both types of neoplasms
can be present in bone marrow, circulating blood, and lymphoid tissues. There are four
major types of leukemia: acute lymphocytic leukemia, chronic lymphocytic leukemia,
acute myeloid leukemia and chronic myeloid leukemia.

The estimated incidence of new cases of head and neck cancer in the United States in
2009 was 48,010 people (35,260 men and 12,850 women), and the estimated mortality
was 11,260 deaths (8,140 men and 3,120 women) (Perez et al. 2009).
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3.1.4 Brain and central nervous system cancers

The central nervous system (CNS) consists of the brain, spinal cord, and meninges
(mesenchymal tissue that covers the brain and spinal cord). Brain tumors account for
approximately 85% of all primary CNS tumors, 38% are gliomas (astrocytoma and
glioblastoma), and 27% are of mesenchymal origin (Levin ef al. 2001). Other less
common tumors in decreasing incidence include: pituitary gland tumors, schwannomas,
CNS lymphomas, oligodendrogliomas, ependymomas, astrocytomas (low grade), and
medulloblastomas. According to NCI, brain metastases outnumber primary brain tumors
10 to 1 with metastases from the lung the most common. Nasopharyngeal cancers can
extend along cranial nerves or through the foramina at the base of the skull to the brain.

3.2 Industrial cohort and nested case-control studies

This section reviews historical cohort and nested case control studies that have examined
the association between occupational exposure to formaldehyde and cancer among
industrial workers. The three largest cohort studies (NCI, NIOSH and British chemical
workers study) are described first, followed by a review of the smaller studies, which are
organized by industrial sector: workers in the fiberglass, woodworking, mixed
manufacturing industries, resin, chemical, plastics, other industries which use
formaldehyde (abrasive materials, tannery, iron foundry, and textile industries). Several
of the cohort studies have been updated recently, and the results presented in this review
will generally be limited to the most recent findings from each cohort and unique re-
analyses within the cohort. Information on suspected confounding factors (e.g., smoking)
is noted in each study summary whenever such information was collected or analyzed by
the study investigators.

Table 3-1 summarizes the characteristics of the major cohort and nested case-control
studies among industrial workers. Findings for the tumor sites of interest from these
studies are reported in Tables 3-4 to 3-9 (see Section 3.6).
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Table 3-1. Characteristics of cohort studies and nested case-control studies among
industrial workers

Study population

Exposure assessment and

Analyses and
related studies

Reference and follow up exposure levels
Andjelkovich et Workers at an iron Occupational histories obtained | Standardized mortality
al. 1995, foundry in Michigan, from employment records and analysis on
Andjelkovich et USA classified using a JEM formaldehyde exposed
al. 1994 N =8,147 Exposure level (ppm) workers
Subcohort of low 0.05 Nested case-control
formaldehyde—exposed | medium 0.5 study of lung cancer (N
workers: N = 3,929 high 1.5 = 220) from entire

195987 or 89

cohort

Beane Freeman et
al. 2009)

Hauptmann et al.
2003, 2004

(update of Blair et
al. 1986)

NCI cohort, USA
N =25,619
Hauptmann et al. 2003

Follow-up 1966-94
median 35 yr

Person-yr 865,708
Beane Freeman et al.

Follow-up 1966-2004
median 42 yr

Person-yr 998,106

Occupational histories obtained
from company records,
interviews, and industrial
hygiene monitoring from 1980;
exposure was classified by level
and frequency of peak exposure,
average exposure, cumulative
exposure, and duration

Exposure levels and duration for
exposed workers (median and
range)
Average intensity, in ppm

0.3 (0.01-4.25)

Cumulative (ppm-yr)

0.6 (0-107.4)
8-h TWA  0.45(0.01-4.25)
Duration 2 yr (0-46)

All workers
82.5% exposed to formaldehyde
4.7% employed in jobs with > 2
ppm average intensity
22.6% employed in jobs
involving > 4 ppm peak
exposure

Standardized mortality
and internal analysis

Beane Freeman et al.
Lymphohematopoietic
malignancies

Hauptmann et al. solid
tumors

Potential confounding
from exposure to 11
occupational substances
and working as a
chemist or lab
technician was
evaluated

Reanalysis of lung,
leukemia (1994 follow-
up) and NPC by Marsh
and Youk 2005, Marsh
et al. 2007b

Follow-up of
Wallingford cohort by
Marsh et al. 2007a,
cohort findings and
nested case-control
study on pharyngeal
cancer (N=17)

Bertazzi et al.
1989

(update of
Bertazzi et al.
1986)

Workers at a resin
manufacturing plant in
Italy

N=1,332

1959-86

Subcohort exposed to
formaldehyde

N not reported

73 deaths (total cohort
had 179)

Occupational histories obtained
from plant employment records
and classified by job title and
task

Exposure levels

Air sampling 1974, 1978, 1979
0.16-3.1 ppm
0.33-6.5 ppm

Average
Maximum

Standardized mortality
study for selected cancer
sites

Employment length and
time since first exposure
available for lung and
digestive tract
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Reference

Study population
and follow up

Exposure assessment and
exposure levels

Analyses and
related studies

Bond et al. 1986

Male workers employed
at Dow Chemical
production facility in
Texas

N =19,608
1940-80

Occupational histories and
potential for exposure obtained
from records, and information on
smoking from interviews

Exposure levels not reported

Nested case-control
study on lung cancer (N
=308)

Chiazze et al.
1997

Male workers employed
at an Owens Corning

Occupational histories obtained
by interview and a historical

Nested case-control
study of lung cancer (N

fiberglass exposure reconstruction; =47)
manufacturing plant in | exposure was classified by a
South Carolina, USA committee of experts
N=4,631 Exposure levels
1951-91 Each process was assigned to |
of 4 exposure levels with mid-
points ranging from 0.05 to 1.5
ppm
Cumulative exposure (level
times duration) was estimated
for each worker
Coggon et al. British Chemical Occupational histories obtained | Standardized mortality
2003 Workers (males), UK from company employment study
(update of N=14,014 records and classified using SMRs provided for ever
Acheson et al. 1941-2000 plant-speCIﬁc JEMs exposed and hlghly

1984)

Exposure levels

Estimated from measurements
taken after 1970 and recall of
workers’ irritant symptoms

Level (ppm) % of workers

<0.1 27.6%
0.1-0.5 27.2%
0.6-2.0 9.7%
>2.0 28.5%

Most workers with the highest
exposure were from the British
Industrial Plastics plant

exposed; SMR provided
for employment in jobs
with high exposure to
lung cancer, and for
low, moderate and high
exposure for lung and
stomach cancer
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Study population

Exposure assessment and

Analyses and
related studies

Reference and follow up exposure levels
Dell and Teta Male workers employed | Occupational histories obtained | Standardized mortality
1995 at a Union Carbide using employment records study
plastics manufacturing | Exposure levels not reported Workers exposed to
plant in New Jersey, formaldehyde (N=111)
USA
N=5,932
1946-88
Edling et al. Male and female Exposure monitoring in plant Standardized mortality
1987b workers at an abrasive | from 1970 and incidence study

materials
manufacturing plant,
Sweden

N = 506 blue collar
workers

Mortality 195883
Incidence 1958-81

No individual exposure
assessment reported

Exposure levels

Grinding wheel manufacturing
[0.08-0.8 ppm]

Abrasive belts (N = 59 workers)

Peaks [16-25 ppm)]

Unknown number of
workers exposed to
formaldehyde in
grinding wheel process;
59 making abrasive
belts

Results reported for
males only, and for few
cancer sites

Hansen and Olsen
1995, 1996

Danish workers at 265
companies producing or
using 1 kg/individual
year

N = 2,041 men, and
1,263 women

1970-84

Occupational information
obtained from Danish product
Registry

Individuals assigned to low or
high exposure based on “white
or blue collar” status based on
pension records

Exposure levels not reported

Record linkage study

Workers were included
in study if their longest
employment was 10
years prior to cancer
diagnosis

(Original study
population = 126,347
men and women)

Findings for some
cancer sites provided for
low formaldehyde
exposure, and
formaldehyde and
woodworkers
(combined)

Marsh et al. 2001,
Stone ef al. 2001,
Youk et al. 2001
(update of Marsh
et al. 1990)

Workers employed at
10 fiberglass
manufacturing facilities
in the USA

N=32,110
1946-92

Occupational histories obtained

from company employment

records and relevant industrial

hygienic literature; exposure

estimated using job location-

weighted measures

Exposure level

Median average intensity
0.066 ppm

Median cumulative exposure
0.173 ppm-yr

Nested case control of
cancers of the
respiratory system

88
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Reference

Study population
and follow up

Exposure assessment and
exposure levels

Analyses and
related studies

Ott et al. 1989

Workers employed in 2
Union Carbide
Corporation chemical
manufacturing facilities
and a research and
development center,
USA

Occupational histories obtained
from company employment
records and classified using a
JEM

Exposure levels not reported

Nested case-control
study of
lymphohematopoietic
malignancies (N = 129):
NHL, multiple
myeloma,
nonlymphocytic
leukemia, lymphocytic

N =29,139 1 .
eukemia
1940-78
Partanen et al. Workers employed in Occupational histories and air Nested case-control
1990, 1993, 1985 135 particleboard, quality monitoring data obtained studies of o
plywood, and from company employment 1ymphoherpatopo1et1c .
formaldehyde glue records and classified using a malignancies (N = 24 in

factories and sawmills
in Finland

N=17,703
1944-65

JEM

Exposure levels determined from
hygienic data (ppm)

0.1-1

1-2

>2

Workers considered exposed to
formaldehyde if minimum
exposure was 0.1 ppm and
cumulative exposure was > 3
ppm-month

Low
Medium
Heavy

83% of subjects in respiratory
case-control study exposed to
cumulative exposure of less than
<0.25 ppm-yr

1993 study) and
respiratory cancer (N =
136)

Pinkerton et al.
2004

(update of Stayner
et al. 1985 [PMR

NIOSH cohort of
garment workers, USA

N=11,039

All workers considered exposed;
personal exposure levels
available from plant monitoring
programs

Standardized mortality
study

Analysis by duration of
exposure, time since

study] and 1988 SMR 195598 Exposure levels first exposure, and time

[SMR study]) PMR  1959-82 3 plants in 1981 or 1984 of first exposure
Geometric mean 8-h TWA performed for a few
(ppm) selected cancer sites

0.15 (0.09-0.20) PMR study included

Median duration = 3.3 years 256 deaths, PCMR
In other garment factories, ratios were also
exposures prior to the 1970s calculated to correct for
were estimated to be as high as healthy worker effect
10 ppm
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Study population | Exposure assessment and Analyses and
Reference and follow up exposure levels related studies
Boffetta et al. Workers employed in Occupational histories obtained | Mortality study
1989, Stellman et | the wood industry ‘py iqterview and classified by Internal analyses using
al. 1998 American Cancer job title and task non-woodworkers or
Society Cancer Exposure levels not reported workers not exposed to
Prevention Study, USA Findings reported for ever wood dust as the
N =362,823 exposed reference group
Formaldehyde-exposed Nested case-cpntrol
workers NR (1,238 study of multiple
deaths from all causes) myeloma (N = 282)
Formaldehyde-exposed (Boffetta et al.)
woodworkers (N = 387)
1982-88
Stern 2003 Workers employed in Occupational history obtained Standardized mortality
(update of Stern ez | two chrome leather from work records study
al. 1987) tannery plants, USA Exposure levels obtained from Analysis by duration of
N=9,352 industrial hygiene surveys employment for entire
1940-93 Exposure levels in finishing cohort but not for
F ldehvd d department (ppm) workers in the finishing
oradenyde eXposee 1 Mean (range)  2.45 (0.5-7) department

workers in the finishing
dept. (no. of workers
not stated, 1,050 deaths
from all causes, 2,332
cancer deaths observed)

Li et al. 2006, Ray | Chinese female textile | Historical exposure estimated by | Nested case-cohort

et al. 2007, Wong | workers in 526 factories | industrial hygienists using a studies of thyroid
et al. 2006 N= 267.400 JEM based on job histories and (Wong et al.),
’ production process data nasopharyngeal cancer
1958-98 (Li et al.), and breast

cancer (Ray et al.)

Age adjusted hazard
ratios calculated using
Cox proportional
hazards methods

8-h TWA = 8-hour time-weighted average; JEM = job-exposure matrix; NHL = non-Hodgkin’s lymphoma;
PCMR = proportionate cancer mortality ratio; PMR = proportionate mortality ratio; SMR = standardized
mortality ratio.

3.2.1 National Cancer Institute (NCI) Cohort: mixed industries

Blair and colleagues at the National Cancer Institute (NCI) assembled the largest cohort
of industrial workers to date to assess the risk of several cancers suspected of being
associated with exposure to formaldehyde, including leukemia and cancer of the brain,
lung, oral cavity, and pharynx (Blair ez al. 1986). This cohort includes workers from
various industries that used formaldehyde, including plants that manufactured resin,
plastic, photographic film, and plywood. The authors also assessed several concurrent
occupational exposures (and potential confounding agents), such as asbestos, wood dust,
and solvents.
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Previous studies (Marsh 1982, Fayerweather ef al. 1983, Wong 1983, Liebling et al.
1984, Marsh et al. 1994a, Marsh et al. 1994b) included workers who were later included
in the NCI study; the findings of these studies are considered to be subsumed by NCI
analyses for the purposes of this review. Likewise, earlier analyses of the NCI cohort
(Robins et al. 1988, Sterling and Weinkam 1988, 1989a,b, 1994, Blair and Stewart 1989,
Stewart et al. 1989, Blair et al. 1990b, Marsh et al. 1992a,b, Marsh et al. 1994a,b, Callas
et al. 1996) will not be discussed in detail since more recent and updated analyses are
available on the same study population.

3.2.1.1 Cohort and methods

Study population and follow-up. Using records from the Formaldehyde Institute, trade
organizations, and other sources, including chemical producers, approximately 200
companies reported to use or produce formaldehyde were identified. The 10 industrial
plants with the largest number of employees and longest history of formaldehyde use
were selected for inclusion into the cohort. Three of the plants produced formaldehyde,
six produced formaldehyde resins, six produced molding compounds, two produced
molded plastic products, two produced photographic film, and one produced plywood
(some plants produced more than one product). The study cohort consisted of all workers
of known sex and race first employed at the selected plants before January 1, 1966 (N =
25,619; 93% white, 12% female). Workers were originally followed through January 1,
1980 to determine vital status and cause of death. Hauptmann et al. (2003, 2004)
extended the mortality follow-up through December 31, 1994 (median follow-up of 35
years, representing a total of 865,708 person-years) for analyses of lymphohematopoietic
malignancies (N = 178 deaths) and solid cancers (N = 1,921 deaths). The NCI cohort was
most recently extended through December 31, 2004, resulting in a median follow-up time
for workers of 42 years, representing 998,106 person-years of follow-up among 25,619
workers, 4,359 of whom were classified as never exposed to formaldehyde (Beane
Freeman et al. 2009). A total of 13,951 deaths were identified from 1943 to December
31, 2004, and findings for lymphohematopoietic cancers (but not solid cancers) have
been published by Beane Freeman et al. (2009). Findings for solid cancers are from the
1994 follow-up as reported by Hauptmann et al. (2004).

Exposure assessment. Exposure to formaldehyde was reconstructed using comprehensive
work histories collected through 1980 on the basis of job titles, tasks, plant visits by
industrial hygienists, information from workers and plant managers, as well as

monitoring data (Blair et al. 1986, Stewart et al. 1986, 1987a, Blair and Stewart 1990).
Peak exposures that occurred in both routine and non-routine tasks were defined as short-
term exposures (generally less than 15 minutes) that exceeded the 8-hour time-weighted
average (TWA) formaldehyde exposure intensity, and were estimated by an industrial
hygienist based on knowledge of the job tasks. For jobs in which peak exposures did not
exceed the 8-hour TWA exposure intensity, the job-specific 8-hour TWA exposure
intensity was assigned as the peak exposure. Four maximum peak exposure categories
were used in the statistical analyses: unexposed, 0.1 to 1.9 ppm, 2.0 to 3.9 ppm, and > 4
ppm. In addition to peak exposure and frequency of peak exposure (none, hourly, daily,
weekly, monthly), time-dependent estimates also were calculated for duration of
exposure (years), average exposure (ppm), and cumulative exposure (ppm-years). Several
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important cofactors were assessed, including exposure to particulates and 11 other widely
used chemicals in the plants (i.e., antioxidants, asbestos, carbon black, dyes and

pigments, hexamethylenetetramine, melamine, phenol, plasticizers, urea, wood dust, and
benzene), routine use of respirators by workers, and duration of employment as a chemist
or laboratory technician. No data on formaldehyde exposures after 1980 were available,
and in the primary analyses, exposures after 1980 were considered to be zero.

Among jobs considered exposed to formaldehyde (83.4%), the median 8-hour TWA
exposure was 0.45 ppm (range = 0.01 to 4.25 ppm); median values were 2 years (range =
0 to 46 years) for duration, 0.3 ppm (range = 0.01 to 4.25 ppm) for average intensity, and
0.6 ppm-years (range = 0.0 to 107.4 ppm-years) for cumulative exposure. Average
intensity was 2 ppm or higher for nearly 3% of jobs, and peak exposures reached 4 ppm
or higher for over 14% of jobs. Approximately 0.5% (N = 133) of workers ever used a
respirator routinely.

The authors noted that smoking information was not available for most of the cohort.
Smoking was not considered to be a source of confounding in internal analyses, however,
since analysis of a sample of workers revealed no major differences in smoking
prevalence by cumulative formaldehyde exposure.

Statistical methods. Standardized mortality ratios (SMRs) were calculated using sex-,
race, age-, and calendar-year-specific U.S. mortality rates. To investigate the association
between levels and duration of exposure to formaldehyde and cancer mortality, internal
comparisons were conducted using log-linear Poisson regression, stratified by calendar
year, age, seX, and race, and adjusted for pay category. Potential confounding was
evaluated for exposure to 11 concomitant occupational substances (ever/never), as well as
working as a chemist or lab technician (years). Exposure lags ranging from 2 to 20 years
were considered to account for latency; all exposures were subsequently calculated using
a 2-year lag interval for the analyses of lymphohematopoietic malignancies (Beane
Freeman et al. 2009, Hauptmann et al. 2003) and a 15-year lag interval for the analyses
of solid cancers (Hauptmann et al. 2004).

Overall results. Person-years at risk (456,635) among exposed workers and person-years
(409,074) among unexposed workers were compared in external analyses in the 1994
cohort update, lagged by 15 years. Compared with the U.S. population, Hauptmann et al.
(2004) found that mortality from all cancers was lower than expected both in unexposed
(SMR = 0.65, 95% confidence interval [CI] = 0.56 to 0.75, 183 deaths for 2-year lag) and
exposed workers (SMR = 0.90, 95% CI = 0.86 to 0.94, 1,916 deaths for 2-year lag),
regardless of length of the lag interval.

3.2.1.2 Lymphohematopoietic cancers: Beane Freeman et al. (2009)

Beane Freeman et al. (2009) conducted external and internal analyses of
lymphohematopoietic cancers through the 2004 follow-up. The authors noted that a total
of 1,006 deaths were identified that had been missed in the previous 1980 to 1994
analysis of Hauptmann et al. (2003). In addition, four subjects had been previously
misclassified as deaths but were found to be living. Lastly, several deaths for
lymphohematopoietic cancers that were included in the Hauptmann et al. analysis were
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recoded: six deaths (one multiple myeloma, one myeloid leukemia, one non-Hodgkin’s
lymphoma, and three myelofibrosis deaths) were re-classified as non-
lymphohematopoietic cancers, and two non-lymphohematopoietic cancer deaths were
recoded as multiple myelomas. The data reported below are confined to the 2004 update
reported by Beane Freeman et al. (2009) unless clear differences between findings in this
update and the earlier (1994) update were observed. In the text, P values for trends for
lymphohematopoietic cancer exposure-response relationships refer to the exposed group
only, using the lowest exposure group as the referent, unless otherwise stated; P values
for trends both across the unexposed and exposed groups, and within exposed groups
only, using the lowest exposed group as referent, are reported in Tables 3-2 and 3-8a (see
Section 3.6).

A total of 319 deaths from all lymphohematopoietic cancers were identified to the end of
follow-up in 2004; 286 among ever-exposed and 33 among never-exposed workers. In
external analyses, the SMRs indicated that the rates of lymphohematopoietic cancers in
the cohort were similar to national rates in both the exposed (SMR = 0.94, 95% CI = 0.84
to 1.06, 286 deaths) and nonexposed groups (SMR = 0.86, 95% CI = 0.61 to 1.21, 33
deaths). An increased risk for Hodgkin’s lymphoma among exposed workers was
observed (SMR = 1.42, 95% CI = 0.96 to 2.10, 25 deaths), but mortality from other
subtypes of lymphohematopoietic cancers among the exposed workers did not indicate
increased mortality rates compared with the U.S. population. Findings were generally
similar to the 1994 findings (Hauptmann et al. 2003).

In internal analyses of exposed workers, using Poisson logistic regression stratified by
age, sex, race, calendar year, and pay category, peak exposures in the highest exposure
category were associated with a significant increase in all lymphohematopoietic deaths
combined (RR = 1.37, 95% CI = 1.03 to 1.81, 108 deaths, comparing peaks of >4 ppm
with > 0 to 2.0 ppm; Pyend = 0.02; Table 3-2). No association was observed for all
lymphohematopoietic cancers in the 2004 update for average intensity of exposure (Table
3-8a) or cumulative exposure.

With respect to leukemia, risks for leukemia (Pyend = 0.12) and the subgroup myeloid
leukemia (Pyeng = 0.13) increased with increasing peak exposure (Pyend = 0.12), although
the trends were not statistically significant. At the highest exposure category of peak
exposure (peaks >4 ppm vs. > 0 to 2.0 ppm), RRs were 1.42 (95% CI = 0.92 to 2.18, 48
deaths) for leukemia and 1.78 (95% CI = 0.87 to 3.64, 19 deaths) for myeloid leukemia.
There were no clear trends toward increasing risk with increasing average or cumulative
exposure to formaldehyde for leukemia or myeloid leukemia, although an elevated RR

for myeloid leukemia was observed for the highest category of average intensity of
exposure (> 1 ppm) vs. the lowest category (RR = 1.61, 95% CI=0.76 to 3.39, 11 deaths,
Piena = 0.43) (see Table 3.8a).
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Table 3-2. Lymphohematopoietic (LH) cancers in formaldehyde-exposed workers
and highest peak exposure: NCI cohort, 1994 and 2004 updates

2004 Update Pirend” | Prend® 1994 Update Pirend” | Pirend®
Cancer type RR (95% Cl); N° RR (95% Cl); N°

All LH 1.37 (1.03-1.81); 108 0.02 0.04 | 1.48 (1.04-2.12); 68 | 0.025 | 0.025
All leukemia 1.42 (0.92-2.18); 48 0.12 0.02 | 1.60 (0.90-2.82); 29 0.09 0.02
Myeloid leukemia 1.78 (0.87-3.64); 19 0.13 0.07 | 2.79 (1.08-7.21); 14 0.02 | 0.008
Lymphatic leukemia | 1.15 (0.54-2.47); 14 >0.50 0.30 | 0.74 (0.28-1.94); 7 | >0.50 | >0.50
Other leukemia 1.15 (0.53-2.53); 13 >0.50 0.50 | 1.79 (0.55-5.89); 7 0.33 0.42
Hodgkin’s 3.96 (1.31-12.02); 11 0.01 | 0.004 | 3.30(0.98-11.10); 8 0.04 | 0.009
lymphoma
Multiple myeloma 2.04 (1.01-4.12); 21 0.08 | >0.50 | 2.03 (0.89-4.64); 15 0.14 | >0.50
NHL 0.91 (0.55-1.49); 28 >0.50 | >0.50 | 0.95(0.49-1.86); 16 | > 0.50 | > 0.50
LH (lymphoid 1.35(0.97-1.89); 74 0.06 0.10 | NR NR NR
origin)
LH (nonlymphoid 1.80 (0.91-3.57); 21 0.09 0.09 | NR NR NR
origin)

Source: Beane Freeman et al. 2009: 1994 follow-up is based on the reanalysis that accounted for additional
and recoding of deaths. See Table 3-8a for detailed data on peak and average exposure for the 2004 update.
LH = lymphohematopoietic, N = number of deaths; NHL = non-Hodgkin’s lymphoma; RR = relative risk.
"Data for peak (> 4 ppm vs. > 0-2.0 ppm) exposures, 2-year exposure lag used.

PP end for 2-sided likelihood ratio for exposed person-years only.
“Pena for 2-sided likelihood ratio for exposed and unexposed person-years.

Deaths from Hodgkin’s lymphoma were significantly elevated in the highest peak vs. the
lowest peak exposure group and the relative risks increased with increasing peak
exposure. (RR =3.96, 95% CI = 1.31 to 12.02, 11 deaths, Pyend = 0.01). RRs for
Hodgkin’s lymphoma increased with increasing average intensity of exposure (Piend =
0.05) and cumulative exposure (Pyend = 0.08). Elevated RRs were found for the highest
category of exposure vs. lowest category of exposure: RR = 2.48 (95% CI = 0.84 to 7.32,
6 deaths, for > 1 ppm average intensity of exposure and RR = 1.30 (95% CI = 0.40 to
4.19, 4 deaths for > 5.5 ppm-years cumulative exposure). Peak exposure (highest
category compared with the lowest category) was also associated with deaths from
multiple myeloma (RR =2.04, 95% CI = 1.01 to 4.12, 21 deaths, Pyenqd = 0.08), but no
association was found with average or cumulative exposure. Relative risks were also
computed for unexposed workers in comparison with the lowest exposure groups for
peak, average, and cumulative exposure, and subjects with no estimated exposure to
formaldehyde were found to be at significantly increased risk of multiple myeloma
compared with low-exposed workers for peak and average exposure, but not for
cumulative exposure. For other lymphohematopoietic cancers, unexposed workers had
similar or lower risks in comparison with the lowest exposed group. Non-Hodgkin’s
lymphoma was not associated with peak, average, or cumulative exposure (see Table 3.2
and 3.8a in Section 3.6).
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In general, the 2004 update confirmed the findings of the 1994 update; however, the
magnitude of the risks estimates for the highest category of peak exposure were higher in
the 1994 update compared with the 2004 update, and some of the exposure-response
relationships were stronger in the earlier update (see Table 3-2). Analyses due to recoding
of some of the lymphohematopoietic cancers did not substantially affect the previously
reported results. The 1994 update (Hauptmann et al. 2003) also reported findings by
duration of exposure (not presented in the 2004 update), and found no statistically
significant risk estimates by specific categories of exposure duration and no overall

trends with increasing duration.

As mentioned previously, the primary analysis assumed zero exposures after 1980. The
authors conducted two sensitivity analyses to evaluate this assumption. If exposure was
considered to continue at 1980 levels, risk patterns for all lymphohematopoietic cancers
were similar to those observed in the primary analysis. If the cohort follow-up was
censored two years after the last job for the 2,810 individuals who were still exposed in
1979 and alive two years later (instead of 2004), however, the association for myeloid
leukemia with peak and average intensity of exposure was stronger than that observed in
the primary analyses.

Controlling for duration of exposure or for 11 other co-exposures with possible
associations with lymphohematopoietic cancers did not alter the findings for leukemia,
myeloid leukemia, or other subtypes of lymphohematopoetic cancer, and excluding 586
workers with possible exposure to benzene (a known leukemogen) did not alter the
results for lymphatic or myeloid leukemia and the highest peak exposure category (data
not reported). Similarly, adjusting for plant type did not substantively alter the results.

Additional analyses considered calendar time periods and the effects of time since first
exposure (Figure 1 and supplemental tables in Beane Freeman et al. 2009). When time
period analyses for trends in relative risk were examined, statistically significant excesses
of risk were observed for myeloid leukemia in relation to peak exposures > 4.0 ppm
(compared with peaks of > 0 to < 2.0 ppm) up to 1994 (RR =2.79, 95% CI = 1.08 to
7.21, Pyend = 0.02); RRs for earlier follow-ups were 3.92 (95% CI =0.78 to 19.67, 6
deaths, Pyeng = 0.12) prior to 1981 and 2.70 (95% CI=0.79 to 9.17, 9 deaths, Pyend =
0.21) from 1981 to 1994. From 1995 through 2004, the risks for myeloid leukemia
declined (RR =0.71, 95% CI = 0.20 to 2.50, Pyend = > 0.50). According to the authors,
the cumulative risks in the highest peak category for myeloid leukemia (calculated by
extending the calendar year of follow-up by one year) were elevated over the entire
period of follow-up (Pyend Values were statistically significant starting in 1990).
Similarly, cumulative risks among medium and high peak exposure categories were
elevated over most of the study follow-up period for Hodgkin’s lymphoma and for all
lymphohematopoietic cancers combined. Risks for average exposure showed a similar
pattern but at generally lower levels of risk.

With respect to time since any first exposure, based on unlagged exposure, the risk for
myeloid leukemia was highest for 15 to 25 years since first exposure (RR = 2.44, 95% CI
=0.45 to 13.25) compared with < 15 years since first exposure). Similar patterns, i.e.,
risks that were highest 15 to 25 years since first exposure, were observed for all
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lymphohematopoietic cancers combined (RR = 1.30, 95% CI = 0.68 to 2.49, 46 deaths),
leukemia (RR = 2.13, 95% CI = 0.64 to 7.15), and Hodgkin’s lymphoma (RR = 1.54,
95% CI = 0.42 to 5.62). Beane Freeman et al. (2009) concluded that the pattern of
lymphohematopoietic risk over time was consistent with the relatively short induction
periods characteristic of leukemogenesis, and suggest an association between
lymphohematopoietic cancer and formaldehyde exposure, particularly for myeloid
leukemia and possibly Hodgkin’s lymphoma and multiple myeloma.

3.2.1.3 Solid cancers: Hauptmann et al. (2004)

The follow-up for solid tumors was conducted through 1994 (Hauptmann et al. 2004).
Mortality from solid tumors was lower than expected compared with U.S. rates (SMR
among unexposed = 0.78, 95% CI = 0.70 to 0.86, 341 deaths; SMR among exposed =
0.91, 95% CI = 0.87 to 0.96, 1,580 deaths). A statistically significant excess of mortality
from nasopharyngeal cancer was observed among the exposed group (SMR = 2.10, 95%
CI=1.05to 4.21, 8 deaths). One death from nasopharyngeal cancer was subsequently re-
classified as oropharyngeal cancer and excluded from internal analysis of average, peak,
and cumulative exposure, however. SMRs exceeding 1.0 were observed for cancers of
the buccal cavity (SMR = 1.01, 95% CI = 0.77 to 1.34, 49 deaths), nose and nasal cavity
(SMR =1.19, 95% CI = 0.38 to 3.68, 3 deaths) and bone (SMR = 1.57, 95% CI = 0.75 to
1.18, 7 deaths). Lung cancer was not elevated among exposed workers (SMR = 0.97, 0.90
to 1.05, 641 deaths), although it was slightly higher than among the unexposed workers
(SMR = 0.79, 95% CI = 0.65 to 0.96, 103 deaths).

In an internal analysis of exposure-response relationships between average, peak,
cumulative, and duration of exposure to formaldehyde and solid cancers, lagged by 15
years, the following results were reported. P values for trends for exposure-response
relationships refer to the exposed group only, using the lowest exposure group as the
referent, unless otherwise stated (The non-exposed group was used as the referent group
when there were no deaths observed in the lowest exposed group.) Cancer of the
nasopharynx was elevated at the highest category of average exposure intensity (RR =
1.67 for > 1.0 ppm vs. the non-exposed group, 6 deaths); the trend among exposed
workers was Pieng = 0.066, and across exposed and unexposed workers, Pyeng = 0.126.
For peak exposure, the RR was 1.83 at the maximum peak category of > 4.0 ppm (7
deaths) vs. the non-exposed group, and the tests for trend were Pyend < 0.001 among
exposed workers and Pyeng = 0.044 across exposed and unexposed workers. For
cumulative exposure, the RR was 4.14 (vs. the lowest exposed group) for the highest
exposure category of > 5.5 ppm-years, 3 deaths); the Pyend was 0.025 among exposed
workers and Pyeng = 0.029 across exposed and unexposed workers. For duration of
exposure, the RR was 4.18 (vs. the lowest exposed group) for the longest duration of > 15
years, 2 deaths), and the trends were Pyeng = 0.147 and Pyeng = 0.206, respectively.
Because five of the nine nasopharyngeal cancer cases occurred at the Wallingford, CT
plant, the authors conducted analyses adjusted for plant and found increasing risks for
peak exposure (Pgend = 0.008), cumulative exposure (Piend = 0.007), and duration of
exposure (Pgend = 0.043). Plant-adjusted relative risks were also higher among worker
with higher average exposure (RR = 8.51 for workers exposed to 0.5 to < 1 ppm, and
23.54 for workers exposed to > 1 ppm), but the test for trend was not statistically
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significant (Pyeng = 0.404). [Plant 1, which had the second highest level of median
exposure, appeared to have the largest numbers of workers exposed to the highest levels
of formaldehyde of all the 10 plants. According to Stewart et al. 1990 (which is an earlier
follow-up of the cohort), 1,391 (93% of 1,496) short-term workers and 1,401 (88% of
1,592) long-term workers were exposed to formaldehyde levels greater than 0.5 ppm in
their first jobs. (Plant 2, which had the highest exposure levels, was much smaller and
had fewer people (578, 80% of 722 long- and short-term workers combined) exposed to
formaldehyde levels greater than 0.5 ppm in their first jobs. However, no information was
provided for all jobs held by these workers.]

Combining cancers of the upper respiratory tract (i.e., cancers of the salivary gland,
mouth, nasopharynx, nasal cavity, and larynx) yielded increasing relative risks with
increasing average intensity of exposure (RR = 1.69 for 0.5 to < 1.0 ppm, 11 deaths; RR
=2.21 for > 1.0 ppm, P < 0.05, 15 deaths, CI excluded 1.0; Pyeng = 0.122). Cancer of the
upper respiratory tract was also associated with peak exposure (RR = 1.24, 12 deaths, for
2.0 to < 4.0 ppm; RR = 1.65, 18 deaths, for > 4.0 ppm; Pgend = 0.142) but not with
cumulative exposure or duration of exposure. No evidence was observed of a positive
association between lung cancer mortality and any of the exposure measures, except for a
statistically significant relative risk associated with peak exposure of 2.0 to <4.0 ppm
(RR =1.45, 227 deaths). A statistically significant decrease in lung cancer risk was
observed for duration of exposure of 5 to 15 years (RR = 0.80, 123 deaths). The only
other observed statistically significant elevation in risk was a RR of 1.61 for 42 deaths
from prostate cancer in association with a peak exposure of 2.0 to < 4.0 ppm. (All RRs
were calculated using the lowest exposure group as the referent group.)

The authors noted that RR estimates were not adjusted by plant because plants were
highly correlated with exposure. However, findings from repeated analyses where each
plant was selectively removed from the model one at a time were similar to those from
the analysis including all plants (data not presented).

3.2.1.4 Re-analyses

Marsh and Youk (2004) conducted a re-analysis of the updated cohort of Hauptmann et
al. (2003) to re-examine mortality risk from leukemia. Exposure-specific SMRs using
both local and national reference rates were calculated by highest peak exposure, average
intensity, cumulative exposure, and duration, and by categorizing formaldehyde exposure
into tertiles based on the exposure distribution among all leukemia deaths in exposed
workers. Generally, the SMRs increased in magnitude with increasing peak and average
intensity of exposure for all leukemias combined and for myeloid leukemia. An internal
analysis that applied alternative regression modeling yielded RRs similar to those
observed by Hauptmann et al. (2003); a significant exposure-response relationship was
observed for all leukemias (Piend = 0.001) and myeloid leukemia (Pyeng = 0.003) by peak
exposure. Tests for trend by average intensity for all leukemias (Pieng = 0.193) or
myeloid leukemias (Pyend = 0.086) were not statistically significant. Exposure tertiles
were also examined in these models, and results were similar to that of the NCI exposure
categorization (Pyend = 0.145 for all leukemia; Pieng = 0.092 for myeloid leukemia).
Duration of time worked in the highest category of peak exposure was not associated
with leukemia mortality.
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Marsh and Youk (2005) conducted a re-analysis of nasopharyngeal cancer data from the
Hauptmann et al. (2004) study. They noted that the Wallingford, Connecticut plant (Plant
1) contributed five of the nine nasopharyngeal cancer deaths in the NCI study. Marsh and
Youk (2005) reported that when the SMR for nasopharyngeal cancers in Plants 2 to 10
combined was re-calculated it was not elevated (SMR = 0.65, 95% CI = 0.8 to 2.3, 4
deaths), in comparison with that of Plant 1 alone (SMR = 10.3, 95% CI =3.8 to 22.5, 6
deaths). (Also, see separate analyses of the Wallingford plant by Marsh et al. 2007a,
below). In a further re-analysis of the nasopharyngeal cancers observed in the Hauptmann
et al. (2004) study, Marsh et al. (2007b) examined the interaction between the plant and
peak exposures to formaldehyde, since the elevated SMR for nasopharyngeal cancers in
the NCI cohort was largely driven by an association with peak (> 4 ppm) exposure to
formaldehyde in the Wallingford plant. By examining the interaction between a new 2-
factor variable (Plant 1 vs. Plants 2—10) and a continuous variable for peak exposure,
Marsh et al. concluded that the observed increase in risk of nasopharyngeal cancers in the
NCI cohort could be attributable to the effect of an association between peak exposure in
Plant 1 and nasopharyngeal cancers and was not generalizable within the entire NCI
cohort. In addition, they concluded that the internal analysis of the NCI cohort was not
robust (i.e., the risk estimates obtained were subject to considerable instability depending
on the addition of one or more nasopharyngeal cancer death to the cohort) and did not
warrant the conclusion of a causal relationship between formaldehyde and
nasopharyngeal cancer.

3.2.1.5 Related studies

Marsh et al. (2007a) followed 7,328 male, mostly white, workers employed between
1941 and 1984 at the Wallingford plant through the end of 2003, updating an earlier
follow-up to 1998. Vital status was ascertained for 98% of the cohort, and cause of death
was determined for 95% of 2,872 deaths. Worker exposures to formaldehyde were
reconstructed and unlagged and lagged exposure metrics computed. Approximately half
of the individuals in the cohort were employed for less than one year. Exposure
estimation was based on available sampling data (sporadic measurements were taken
between 1965 and 1987), job descriptions, and information from plant personnel
including the plant industrial hygienist. Exposure to formaldehyde was estimated for each
job and task, yielding measures of average intensity, cumulative exposure, and duration
of exposure. Though the exposure assessment for formaldehyde was developed to
maximize comparability with the NCI study, the authors noted that exposure estimates
were generally less than one tenth of the corresponding values estimated for the same
workers in the NCI study. External (SMR) analyses and a nested case-control analysis of
nasopharyngeal cancers and all other pharyngeal cancers (AOPC) were conducted, taking
into account demographic variables, smoking, and also the external employment of cases
and controls before, during, and after employment at the Wallingford plant, using various
sources such as city directories, employment applications and genealogical searches.
Based on the frequency of external employment, three external occupational groups were
established: silver smithing, other metal work, and military service. In external analyses,

a statistically significant increase in lung cancer was observed (SMR = 1.18, 95% CI =
1.05 to 1.32, 322 deaths) and increases in laryngeal (SMR = 1.51, 95% CI = 0.85 to 2.50,
15 deaths), sinonasal cancers (SMR = 2.64, 95% CI = 0.54 to 7.71, 3 deaths), lip (SMR =

03 1/22/10



3.0 Human Cancer Studies Formaldehyde: RoC Background Document

7.08, 95% CI = 0.18 to 39.45, 1 death), floor of the mouth (SMR = 1.41, 95% CI =0.17
to 5.07, 2 deaths) and gum + other mouth (SMR = 1.18, 95% CI = 0.32 to 3.02, 4 deaths)
were also observed. With respect to pharyngeal cancers, 7 nasopharyngeal cancer cases
and 16 other pharyngeal cancers (AOPC) were observed (SMR = 4.43, 95% CI = 1.78 to
9.13, 7 nasopharyngeal cancer deaths and SMR = 1.71, 95% CI = 1.01 to 2.72, 16 AOPC
deaths; both compared with local rates). In internal analyses, a statistically significant risk
of nasopharyngeal cancer (OR = 14.41, 95% CI = 1.30 to 757.8, 4 deaths), was observed
in association with ever working in silver smithing, and an OR of 7.31 (95% CI = 1.08 to
82.1, 5 deaths) for ever working in silver smithing and/or other metal work. No
association with external employment was observed for AOPC, with the exception of a
statistically nonsignificant increase in risk for workers with a history of employment in
other metal work (OR = 1.40, 95% CI = 0.31 to 5.1, 4 deaths). The risk of
nasopharyngeal cancer associated with formaldehyde exposure before adjustment for
smoking and external employment was 1.51 (95% CI = 0.20 to oo (infinity), 7 deaths) and
after adjustment for smoking and silver smithing and/or metal working employment was
2.87 (0.21 to ). An interaction model suggested that neither nasopharyngeal cancer nor
AOPC was associated with formaldehyde in the presence of these external occupations,
according to the authors.

There was no clear or statistically significant monotonic trend towards increasing
nasopharyngeal cancer risk with increasing duration, average intensity, or cumulative
exposure to formaldehyde before and after adjustment for smoking and silver smithing
and/or other metal working employment, although some increase in risk was observed in
each exposure category both before and after adjustment.

3.2.2 National Institute for Occupational Safety and Health (NIOSH) cohort: garment
industry

Study population and follow-up. Stayner and colleagues led a NIOSH-sponsored
investigation of formaldehyde exposure and cancer among garment workers at three
shirt-manufacturing facilities located in Pennsylvania and Georgia where formaldehyde
was used to treat fabrics. This proportionate mortality study (Stayner et al. 1985) was
based on 256 decedents identified from a death-benefit insurance fund, which comprised
mostly long-term workers. Stayner ef al. (1988) subsequently conducted a retrospective
cohort standardized mortality study of 11,039 workers at three shirt-manufacturing
facilities (two of which were included in the previous PMR study) in which vital status
was ascertained through December 31, 1982, and which included both long-and short-
term workers. In both studies, cause of death was coded by a trained nosologist.

Follow-up for vital status was later updated through December 31, 1998 (Pinkerton et al.
2004). However, work histories were not updated and were truncated for approximately
11% of subjects. To be eligible for the updated retrospective cohort study (N = 11,039;
82% female, 76% white) workers must have served as production workers for at least
three months at one of the three facilities between the time formaldehyde was first
introduced into the facility (1955 or 1959, depending on the facility) and December 1977.
Of 2,206 total deaths observed in the updated retrospective cohort, 608 deaths were due
to cancer (Pinkerton et al. 2004).
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Exposure assessment. Company personnel records were used to obtain information about
demographics and occupational history for each worker. Union records or Internal
Revenue Service quarterly earning files were used to verify completeness of plant
records. The median 8-hour TWA concentration of formaldehyde obtained during air
monitoring across all departments at three plants in 1981 (Plant 1) and 1984 (Plants 2&3)
ranged from 0.09 to 0.20 ppm (overall geometric mean = 0.15 ppm), and levels did not
vary appreciably between facilities. Previous exposures were assumed to be higher at
every facility since improvements in the resins have greatly reduced the amount of free
formaldehyde contained in the fabrics; formaldehyde levels at other garment factories in
the 1970’s and earlier were estimated to be as high as 10 ppm (Stayner et al. 1988). The
authors also noted that workers were not thought to be exposed to any other potentially
carcinogenic agents at the work site.

Statistical methods. PMRs were estimated based on U.S. rates (standardized for sex, race,
age, and calendar time). Proportionate cancer mortality ratios (PCMR) were also
calculated to address the potential for healthy worker bias. SMRs were calculated using
United States and state rates. SMRs were stratified by duration of exposure, time since
first exposure, and year of first exposure. Poisson regression was used to estimate age-
adjusted rate ratios by exposure duration for selected cancer sites including the lung,
leukemia, and brain. In the 2004 update (Pinkerton et al. 2004), additional analyses using
all causes listed on the death certificate (instead of only the underlying cause) were
performed using multiple-cause mortality methods.

Results. Results of the earlier proportionate cancer mortality analysis (Stayner et al.
1985) showed a statistically significant excess of deaths from buccal cavity (PCMR =
6.82, 90% CI = 1.85 to 17.58, 3 deaths) and “other lymphohematopoietic cancers” (three
multiple myeloma and one lymphoma) (PCMR = 3.42, 90% CI = 1.17 to 7.82, 4 deaths).
Other excess cancer mortalities (PCMRs > 1.0) were noted, including biliary passages
and liver (PCMR = 2.74, 90% CI = 0.94 to 6.27, 4 deaths), unspecified liver (PCMR =
3.70, 90% CI = 0.66 to 11.66, 2 deaths), skin (PCMR = 1.50, 90% CI = 0.27 to 4.73, 2
deaths), pancreas (PCMR = 1.07, 90% CI = 0.37 to 2.46, 4 deaths), all
lymphohematopoietic cancers (PCMR = 1.44, 90% CI = 0.78 to 2.44, 10 deaths), and
leukemia and aleukemia (PCMR = 1.52, 90% CI = 0.52 to 3.47, 4 deaths).

In the updated retrospective cohort SMR analysis (Pinkerton ez al. 2004), a statistically
significant deficit in mortality (underlying causes of death) from all cancers was observed
(SMR = 0.89, 95% CI = 0.82 to 0.97, 608 deaths). Statistically nonsignificant elevated
SMRs were observed for cancer of the buccal cavity (SMR = 1.33, 95% CI = 0.36 to
3.41, 4 deaths), other respiratory (non-lung or larynx) (SMR = 1.21, 95% CI = 0.15 to
4.37), prostate (SMR = 1.58, 95% CI = 0.79 to 2.83, 11 deaths), other male genital (non
prostate) (SMR = 3.89, 95% CI = 0.47 to 14.04, 2 deaths), brain (SMR = 1.09, 95% CI =
0.66 to 1.71, 19 deaths), thyroid (SMR = 1.16, 95% CI = 0.14 to 4.18, 2 deaths),
connective and soft tissue (SMR = 1.57, 95% CI = 0.63 to 3.24, 7 deaths), other
unspecified sites (SMR = 1.19, 95% CI = 0.89 to 1.55, 54 deaths), and leukemia (SMR =
1.09, 95% CI = 0.70 to 1.62, 24 deaths). No deaths from cancers of the nasopharynx
(0.96 expected) or nose (0.16 expected) were observed. Further analysis showed an
excess in myeloid leukemia (SMR = 1.44, 95% CI = 0.80 to 2.37, 15 deaths), which was
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greatest among workers first exposed prior to 1963 when exposures to formaldehyde
were presumably higher (SMR = 1.61, 95% CI not reported), or with at least 10 years of
exposure (SMR = 2.19, lower bound of 95% CI value less than 1), or exposed at 20 or
more years since first exposure (SMR = 1.91, lower bound of 95% CI greater than 1).

Seven additional leukemia deaths (two myeloid leukemia and 5 lymphocytic leukemia
deaths) were identified in the multiple-cause analysis. Deaths from all leukemia and
myeloid leukemia were significantly elevated among workers with 10 or more years of
exposure in the multiple-cause analysis (SMR = 1.78, 95% CI = 1.04 to 2.86, 17
leukemia deaths, and SMR = 2.24, 95% CI = 1.02 to 4.23, 9 myeloid leukemia deaths),
and deaths from lymphoid leukemia were also elevated in this group (SMR = 2.12, 95%
CI=0.78 to 4.62, 6 deaths). Among workers with at least 10-years exposure and 20 or
more years since first exposure, multiple-cause mortality from all leukemia was
significantly elevated (SMR = 1.92, 95% CI = 1.08 to 3.17, 15 deaths), as was that for
myeloid leukemia (SMR = 2.55; 95% CI = 1.10 to 5.03; 8 deaths). Multiple-cause
mortality from acute myeloid leukemia in this group was elevated but not statistically
significant (SMR =1.84, 95% CI = 0.84 to 3.49, 9 deaths).

3.2.3 British Chemical Workers Study

Study population and follow-up. Acheson et al. (1984) assembled a large industry-based
cohort of approximately 7,680 male workers first employed before 1965 at one of six
factories in the British chemical and plastics industry where formaldehyde had been first
manufactured or used from the 1920s to 1950s. This cohort was updated by Gardner et al.
(1993) and expanded with the addition of 6,357 workers first employed since 1964. More
recently, Coggon et al. (2003) reported on an updated analysis of the total cohort of
14,014 men employed after 1937 (which subsumed findings by Gardner ef al.), extending
the original cohort with 11 additional years of follow-up. Workers were followed for
mortality and cancer incidence through December 31, 2000 using the National Health
Service Central Register and social security records.

Exposure assessment. Occupational histories extracted from employment records were
used to classify formaldehyde exposure for each job into five categories (background,
low, moderate, high, or unknown). Exposure measurements taken after 1970, as well as
workers’ recall of irritant symptoms, were used to estimate exposure levels for each
exposure category. According to Gardner ef al. (1993), a total of 3,872 (27.6%) workers
were exposed to background levels of formaldehyde corresponding to time-weighted
average concentrations of less than 0.1 ppm; 3,815 (27.2%) were classified in the low
exposure category (0.1 to 0.5 ppm); 1,362 (9.7%) in the moderate-exposure category (0.6
to 2.0 ppm), and 3,993 (28.5%) in the high-exposure category (greater than 2.0 ppm).
Job-exposure matrices were constructed for each factory. Within each factory, each job
was assigned to the same exposure category for all time periods; however, jobs were not
necessarily assigned to the same exposure category across factories. Workers were
individually classified as having no, low, moderate, high or unknown exposure. For
workers with more than one job, their exposure classification was based on the job with
the highest exposure. In one factory, no workers were classified as highly exposed; the
portion of highly exposed workers in the other five factories ranged from 3% to 7%. Of
14,014 workers, 13,865 (99%) were successfully traced through the follow-up period:
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5,185 (37%) had died (99% with a known cause of death), and 859 (6%) were lost to
follow-up.

Statistical methods. Person-year analysis was used to calculate SMRs; expected numbers
of deaths were obtained from national rates for England and Wales in 5-year age strata
for 5-year calendar periods. Adjustments for local geographic variations in mortality were
made by multiplying the expected numbers of deaths from national rates by the SMRs for
the localities in which each factory was located. [This method of adjustment may
underestimate the risk if rates are higher among workers, and these workers live in the
areas surrounding the factories.] Exposure-response trends were evaluated using Poisson
regression.

Results. (Coggon et al. 2003 update). Mortality from all cancers was somewhat elevated
in the cohort (SMR = 1.10, 95% CI = 1.04 to 1.16, 1,511 deaths), especially among
workers ever classified as highly exposed to formaldehyde (SMR = 1.31, 95% CI = 1.21
to 1.42, 621 deaths). Statistically significant increases in the number of deaths from
stomach (SMR = 1.31, 95% CI = 1.11 to 1.54, 150 deaths) and lung cancer (SMR = 1.22,
95% CI =1.12 to 1.32, 594 deaths) were observed among all workers. SMRs were higher
among workers with high exposure (SMR for stomach = 1.53, 95% CI = 1.17 to 1.95, 63
deaths; SMR for lung = 1.58, 95% CI = 1.40 to 1.78, 272 deaths). A positive trend was
noted for the SMR for lung cancer (but not stomach cancer) by increasing exposure level
when compared with national rates (Pgend < 0.001), though the trend was no longer
statistically significant when adjusted for geographic location. No relationships between
lung cancer mortality and years of employment in high-exposure jobs or years since first
employment in a high-exposure job were observed (results for stomach cancer or other
sites were not reported). However, lung cancer mortality was highest among workers who
were highly exposed before 1965 (SMR = 1.61, 95% CI = 1.41 to 1.82, 243 deaths). The
authors noted that during this time period, occupational exposures to formaldehyde would
have been higher.

Excess cancer mortality at several other tumor sites was also observed among highly
exposed workers, though estimates were not statistically significant. These tumor sites
included: lip (SMR = 5.62, 95% CI = 0.14 to 31.30, 1 death), tongue (SMR = 1.91, 95%
CI=0.39 to 5.68, 3 deaths), mouth (SMR = 1.32, 95% CI = 0.16 to 4.75, 2 deaths),
pharynx (SMR = 1.91, 95% CI = 0.70 to 4.17, 6 deaths), esophagus (SMR = 1.28, 95%
CI=0.81 to 1.92, 23 deaths), large intestine (SMR = 1.30, 95% CI =0.93 to 1.77, 40
deaths), rectum (SMR = 1.26, 95% CI = 0.82 to 1.84, 26 deaths), larynx (SMR = 1.56,
95% CI = 0.63 to 3.22, 7 deaths), bone (SMR = 3.38, 95% CI = 0.92 to 8.65, 4 deaths),
genital excluding breast, testis, and prostate (SMR = 1.42, 95% CI = 0.04 to 7.90, 1
death), bladder (SMR = 1.25, 95% CI = 0.79 to 1.88, 23 deaths), kidney (SMR = 1.37,
95% CI=0.73 to 2.35, 13 deaths), and multiple myeloma (SMR = 1.18, 95% CI = 0.48 to
2.44, 8 deaths). No elevated risks were observed for leukemia, Hodgkin’s lymphoma, or
non-Hodgkin’s lymphoma among all workers or workers with high exposure. No deaths
from cancer of the nose or nasal sinuses were observed among men with high exposure
(0.8 deaths expected), and two deaths were reported in the entire cohort versus 2.3
expected. However, a review of contributory causes of death revealed two additional
cases of sinonasal cancer in individuals with high exposure to formaldehyde. One death
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from nasopharyngeal cancer was observed (in a man with no recorded high exposure to
formaldehyde) versus 2 expected. (No additional cases of nasopharyngeal cancer were
found on review of contributory causes of death.)

3.2.4 Studies of fiberglass workers

In this section, two studies of workers in the fiberglass industry are reviewed. Workers in
this industry may be exposed to formaldehyde in addition to respirable fibers during the
fiberglass manufacturing process. Evaluation of the association between formaldehyde
exposure and cancer outcomes was not a primary objective of either study. Therefore, the
description of the study methods and results are limited to formaldehyde-related analyses
only.

3.2.4.1 United States: Nested case-control study of respiratory cancer in a historical
cohort of 10 fiberglass manufacturing plants

The following analyses draw from a large historical cohort study established in 1975 of
production and maintenance workers from some of the largest and oldest fiberglass and
rock/slag wool manufacturing plants in the United States. Marsh et al. (2001) updated
and expanded upon a sub-cohort of workers employed at the 10 fiberglass manufacturing
facilities, which was originally assembled and studied by Enterline ez al. (1983, 1984,
1987). This review covers the most recent follow-up analyses by Marsh et al. (2001) as
well as additional analyses reported by Youk ez al. (2001) and Stone et al. (2001, 2004).
(Note that the primary focus of these studies was the relationship between glass wool
exposure and cancer mortality, and specifically of respiratory (lung and laryngeal)
cancers. |

Study population and follow-up. Marsh et al. (2001) led an effort to expand this historical
cohort to capture female workers, workers employed after the original 1963 cohort end
date, and workers from additional manufacturing sites. The expanded cohort included
32,110 production or maintenance workers (84% white, 82% female) employed for at
least one year between 1945 and 1978 in any of the 10 facilities. Vital status was
ascertained through December 31, 1992, and the cause of death was determined for
nearly all deceased workers (98.8%) using the National Death Index or death certificates.
Using this updated cohort, Marsh et al. (2001) conducted a nested case-control analysis
to investigate occupational exposures at the fiberglass manufacturing plants and
respiratory system cancers (lung and larynx) among male workers. Cases were defined as
workers who died from respiratory system cancer between 1970 and 1992; 96% of cases
were diagnosed with cancer of the bronchus, trachea, or lung. Controls were eligible if
they were at risk during 1970 to 1992 as well as alive and at risk at the age when the case
died. Cases were matched to one control by date of birth (within one year). Smoking
information was collected as ever/never having used any form of tobacco via telephone
interview with the worker or proxy; the response rate was 88% for 716 eligible cases and
80% for 713 controls.

Exposure assessment. Potential exposures to known or suspected carcinogens, including
formaldehyde, were estimated from plant start-up until closing or the end of the study
period (Quinn et al. 2001). Exposure data were developed by integrating industrial
hygiene data with worker histories to estimate exposures over time for all unique
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production areas and their associated jobs. A job-exposure matrix was used to produce
job-location-weighted exposure measures and three summary exposure metrics: duration,
cumulative exposure, and average intensity. Exposure to formaldehyde was the second
most prevalent exposure (22.4% of total person-years) after respirable glass wool or
continuous glass filament fibers (28.5% of total person-years) among workers. The
median average intensity of exposure to formaldehyde was 0.066 ppm for all plants
(range = 0.030 to 0.130); the median cumulative exposure was 0.173 ppm (range = 0.063
to 0.469).

Statistical methods. Complete data were available for 502 of 713 matched pairs, and
unmatched cases and controls were combined with the matched set nearest in age to form
516 matched pairs (631 cases and 570 controls) for analysis. Conditional logistic
regression was used to estimate RRs adjusted for smoking.

Results. Marsh et al. found that, compared with unexposed workers, exposure to
formaldehyde was associated with a statistically significant increase in respiratory system
cancer (RR =1.92, 95% CI = 1.25 to 2.94, 591 exposed deaths, global test P value =
0.003) which remained after adjustment for estimated smoking (RR = 1.61, 95% CI =
1.02 to 2.57, global test P value = 0.04). However, tests for trend by exposure duration,
cumulative exposure, and average intensity of exposure were not statistically significant.

Related analyses. Youk et al. (2001) analyzed the Marsh et al. nested case-control study
using exposure weighting as an alternative form of exposure characterization to explore a
possible exposure-response relationship between respiratory system cancer and
formaldehyde. Nine different configurations of exposure lag and window periods were
considered. The RR for respiratory system cancer among exposed workers was 1.62
(95% CI = 1.04 to 2.54, 588 exposed cases) with a 5-year lag and 1.46 (95% CI = 0.96 to
2.23, 581 exposed cases), with a 10-year lag. Estimates from other combinations of lag
and window periods were otherwise closer to the null compared with the unweighted
estimate (OR = 1.61, 95% CI = 1.02 to 2.56) noted by Marsh et al. (2001).

Stone et al. (2001) also analyzed data from the nested case-control study by further
adjusting conditional logistic regression models for exposure to respirable particles in
addition to smoking, and by considering exposure to formaldehyde as a continuous
quantitative term in piecewise linear functions (i.e., linear splines) with knots placed at
the deciles of the distribution of formaldehyde exposure among cases. Application of the
linear splines allowed for multiple exposure-response functional forms to be evaluated.
Cumulative exposure to formaldehyde was not significantly associated with an increased
risk of respiratory system cancer in any of the models. A positive association was
observed between relatively high average exposure intensity and respiratory system
cancer risk; the authors noted, however, that the dramatic increase in risk was only
predicted for the small number of workers with average exposure intensity at levels
above 0.4 ppm. [Estimated exposure to formaldehyde in this cohort of fiberglass
production workers was considerably below the current OSHA permissible exposure
limit of 0.75 ppm based on an 8-hour time-weighted average. ]
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Stone et al. (2004) performed an analysis of respiratory system cancer among the 4,008
female fiberglass workers included in the updated cohort of fiberglass workers followed
until 1992 (Marsh et al. 2001). (Previous analyses were restricted to male workers.) Fifty-
three deaths due to respiratory cancer were observed. Estimated relative risks were
calculated for a 1 ppm-year increase in cumulative formaldehyde exposure score using
multiplicative models fit to the internal cohort cancer rates. Estimated RRs ranged from
1.10 to 1.21 depending on adjustment factors (e.g., fiberglass production group, year of
hire, duration of employment, or time since first employment); none of the estimates was
statistically significant. The authors noted that very few women had a cumulative
exposure score for formaldehyde of greater than 3 ppm-years in this study.

3.2.4.2 South Carolina: Nested case-control study in a historical cohort of one fiberglass
manufacturing plant

Study population and follow-up. Chiazze et al. (1997) conducted a nested case-control
study evaluating lung cancer mortality among continuous filament fiberglass
manufacturing workers at an Owens Corning facility in Anderson, South Carolina. This
plant was not included among those studied by Marsh et al. (2001). The cohort from
which the subjects were selected included 4,631 current and former employees (74%
male; 87% white) who had worked for at least one year between 1951 and 1991. Follow-
up for vital status was completed through 1991 (96% complete), and cause of death was
obtained from death certificates (96% complete). Cases (N = 47) included white male
members of the cohort for whom lung cancer was the underlying cause of death; controls
(N = 122) included any white male non-case cohort member and were matched to cases
(case to control ratio = 1:2) on year of birth (within 2 years) and survival to end of
follow-up or death (within 2 years).

Exposure assessment. Exposure to occupational substances including formaldehyde was
estimated by an exposure assessment committee composed of former and current
employees knowledgeable in industrial hygiene and plant processes (Chiazze ef al. 1993).
For each process, one of four ranges of estimated potential exposure for each substance
was assigned based on 8-hour time-weighted averages. Cumulative exposure was then
estimated for each employee based on the number of days spent performing each process;
cumulative exposure days for formaldehyde ranged from none to 2,585 days (only one
case and three controls had cumulative exposure greater than 1,000 days). In addition, a
telephone interview was used to obtain demographic information, lifetime residence
history, lifetime occupational history, smoking and alcohol use, and medical history.

Statistical methods. Conditional logistic regression was applied to estimate the
association between formaldehyde and lung cancer death, adjusted for smoking (adjusted
models used information from 33 cases and 82 controls who were smokers).

Results. Compared with 15 workers with no exposure to formaldehyde, the unadjusted
ORs for smokers + nonsmokers with 0.25 to 99.99, 100 to 999 and 1000+ cumulative
days of exposure were 0.94 (95% CI = 0.38 to 2.36, 14 cases), 1.27 (95% CI = 0.50 to
3.21, 15 cases), and 1.14 (95% CI=0.11 to 12.1, 1 case, a smoker), respectively. Among
smokers only, the respective estimates were 0.92 (95% CI = 0.29 to 2.88, 10 cases), 1.72
(95% CI =0.57 to 5.23, 11 cases), and 2.07 (95% CI=0.17 to 25.5, 1 case).
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3.2.5 Studies of woodworking and related industries

In this section, the findings from two nested case-control studies of a cohort of Finnish
workers are reviewed. Workers in these industries are commonly exposed to wood dust,
which is a known risk factor for sinonasal cancer and nasopharyngeal cancer. This review
will focus on study findings for formaldehyde exposure only, though other occupational
exposures such as wood dust were also evaluated. Industries related to woodworking that
were examined in these studies included sawmills, particleboard and plywood
manufacture, construction carpentry, and formaldehyde adhesive production for furniture.

3.2.5.1 Description of historical cohort of woodworkers from various industries

Partanen et al. (1985) assembled a retrospective cohort of 3,805 male workers at 19
particleboard, plywood, and formaldehyde glue factories and sawmills in Finland. This
cohort was later expanded (N = 7,303) with additional years of follow-up and additional
factories to re-evaluate the association between formaldehyde exposure, respiratory
cancer (Partanen et al. 1990), and lymphohematopoietic malignancies (Partanen et al.
1993) in nested case-control studies.

Study population. The Finnish woodworker cohort included 7,307 workers from 35
Finnish factories employed for at least one year between January 1944 and December
1965 in various woodworking facilities. Approximately 9% of cohort members worked at
particleboard plants, 24% at plywood plants, 12% at construction carpentry plants, 20%
at furniture manufacturing plants, 35% at sawmills, and less than 1% at a formaldehyde
glue manufacturing plant (Partanen et al. 1990). Cohort members were followed for vital
status from January 1957 to December 1982.

Exposure assessment. Job-exposure matrices were constructed by industrial hygienists for
each factory using factory records that included information on exposures, ventilation,
work procedures, and actual air quality monitoring data (Kauppinen and Partanen 1988).
The job-exposure matrices were linked with worker histories using factory registers,
interviews with factory personnel, and questionnaires conducted with cases, controls, or
their next of kin (control histories were obtained from company records only). For each
of the 73 uniquely classified jobs, exposure to formaldehyde and several other concurrent
agents was estimated by cumulative dose and level: unexposed, low (0.1 to 1 ppm-
months), moderate (1 to 2 ppm-months), and heavy (> 2 ppm-months). Both exposure to
formaldehyde fumes and formaldehyde attached to wood dust was considered. Exposure
were also categorized dichotomously (ever/never) and lagged by 10 years to account for
latency. Workers were considered ever exposed to formaldehyde if their estimated
cumulative exposure reached 3 ppm-months.

3.2.5.2 Nested case-control study of respiratory cancers (Partanen et al. 1990)

Study population. In this study, respiratory cancer was defined by the authors as primary
malignant neoplasms of sites with which inhaled formaldehyde was thought to come into
direct epithelial contact, including: oral cavity, pharynx, nasal and sinus cavities, larynx,
lung, and trachea. Cases of respiratory cancer (N = 136) were ascertained using the
Finnish Cancer Registry; three controls were randomly selected from the cohort and
matched to each case by year of birth (N = 408).
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Results. Odds ratios and 90% Cls were estimated using conditional logistic regression
and, in most cases, adjusted for vital status and smoking (< 35 years vs. > 35 years).
Comparing workers with at least 3 ppm-months of exposure to formaldehyde with
workers with less than 3 ppm-months, the OR for all respiratory cancers combined was
1.11 (90% CI = 0.40 to 3.11, 11 exposed cases, adjusted for vital status and smoking)
with no latency period, and 1.39 (90% CI = 0.40 to 4.10, 9 exposed cases, adjusted for
vital status and smoking) with a minimum latency period of 10 years. Corresponding
estimates were lower for lung cancer (OR = 0.69, 90% CI = 0.21 to 2.24, 9 cases, no
latency, adjusted for vital status and smoking; and OR = 0.89, 90% CI = 0.26 to 3.00, 7
cases, 10-year latency, adjusted for vital status and smoking), and higher for combined
upper respiratory cancers only (OR = 2.38, 90% CI = 0.43 to 13.2, 2 cases, no latency,
adjusted for vital status only, and OR = 2.40, 90% CI = 0.31 to 18.6, 2 cases, 10 year
latency, adjusted for vital status only). Exposure to dust-borne formaldehyde (yes or no)
was also estimated; ORs ranged from 1.33 to 1.42, depending on the latency period, but
none was statistically significant. No evidence of an association was observed between
peak exposure to formaldehyde and all respiratory cancers combined, nor was any
evidence observed of an exposure-response relationship for all respiratory cancers
combined and any exposure indicator including cumulative dose, duration of exposure to
peak levels, and duration of exposure to dust-borne formaldehyde. [Adjustment for
smoking substantially reduced the sample size and consequently reduced statistical power
for estimation of effects, because smoking history was unknown for approximately 35%
of workers in this study. Further, estimates were not adjusted for wood dust or phenol
exposure, both factors that the authors noted were correlated with formaldehyde exposure
in this study population.]

3.2.5.3 Nested case-control study of lymphohematopoietic malignancies (Partanen et al.
1993)

Study population. Twelve cases of leukemias and 12 of malignant lymphoma (4 of
Hodgkin’s lymphoma and 8 of non-Hodgkin’s lymphoma) were ascertained using the
Finnish Cancer Registry; between 1 and 8 non-cancer controls were matched to each case
by year of birth and vital status in 1983.

Statistical methods and results. Odds ratios and 95% Cls were estimated using
conditional logistic regression. For the lymphohematopoietic cancers combined, the OR
associated with at least 3 ppm-months of formaldehyde was 2.49 (95% CI = 0.81 to 7.59,
7 exposed cases), which did not change markedly after controlling for exposure to wood
dust or solvents. Corresponding (unadjusted) ORs for specific lymphohematopoietic
cancers were 1.40 (95% CI =0.25 to 7.91, 2 exposed cases) for leukemia, and 4.24 (95%
CI=0.68 to 26.6, 4 exposed cases) for non-Hodgkin’s lymphoma. An OR for Hodgkin’s
lymphoma alone could not be estimated because only one case was considered exposed
to formaldehyde. The OR for all lymphomas combined (Hodgkin’s and non-Hodgkin’s
lymphomas) was 4.02 (95% CI = 0.87 to 18.6, 5 exposed cases). The authors noted that
more sensitive exposure assessment among cases than controls could have biased the
observed effect estimates away from the null.
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3.2.6 Denmark: Proportionate cancer incidence study of mixed industry workers

Study population and follow-up. Hansen and Olsen (1995, 1996) conducted a
standardized proportionate cancer incidence study of workers in Denmark born between
1897 and 1964 whose cancer was diagnosed between 1970 and 1984; eligible workers
were identified using the national Danish Cancer Registry and then linked with the
compulsory Supplementary Pension Fund to obtain employment history (N = 91,182 men
and 73,423 women). Using the national Danish Product Register, 265 companies in
which more than one kilogram of formaldehyde was used or manufactured per employee
per year since 1970 were identified. Workers (2,041 men and 1,263 women) whose
longest work experience since 1964 had started at one of the 265 companies at least 10
years prior to diagnosis (N = 2,041, 2.2% of study population) were considered exposed
to formaldehyde.

Exposure assessment. Based on job title, exposed workers were further classified as
having low (white-collar workers), high (blue-collar workers), and unknown (no
information on job title) exposure.

Statistical methods and results. Standardized proportionate incidence cancer ratios
(SPIR) adjusted for age (5-year strata) and calendar time (per year) were estimated using
all Danish workers in the study population as the referent group. Among the 2,041 men,
who had worked in companies where formaldehyde was used (Hansen and Olsen 1995), a
statistically significant excess in incidence was noted for tumors of the colon (SPIR =
1.2,95% CI= 1.1 to 1.4, 166 exposed cases), nasal cavity (SPIR = 2.3, 95% CI = 1.3 to
4.0, 13 cases), and kidney (SPIR = 1.3, 95% CI = 1.0 to 1.6, 60 cases). Statistically
nonsignificant increases in cancer incidence (SPIRs > 1.0) were also observed among
men for the nasopharynx (SPIR = 1.3, 95% CI = 0.3 to 3.2, 4 exposed cases), buccal
cavity and pharynx (excluding nasopharynx) (SPIR = 1.1, 95% CI =0.7 to 1.7, 23
deaths), liver (SPIR = 1.2, 95% CI = 0.9 to 1.8, 29 exposed cases), rectum (SPIR = 1.1,
95% CI=0.9 to 1.3, 117 cases), melanoma of the skin (SPIR = 1.1, 95% CI = 0.8 to 1.5,
39 cases), brain (SPIR = 1.1, 95% CI = 0.9 to 1.5, 54 cases) and breast (SPIR = 2.2, 95%
CI=0.9 to 4.3, 8 exposed cases). Other sites had SPIRs of 1.0 or less. Among
lymphohematopoietic cancers, data were reported only for non-Hodgkin’s lymphoma (32
cases), Hodgkin’s lymphoma (12 cases) and leukemia (39 cases); no increase in risk was
observed. Data were also presented on selected cancers (nasal, colon, lung, breast,
kidney, brain and CNS, and leukemia) among workers with estimated exposure to low or
high formaldehyde, the latter with or without potential wood dust exposure. No
differences by estimated exposure category were observed, with the exception of nasal
cavity cancers; among those estimated to be more highly exposed to formaldehyde and
unexposed to wood dust (based on job industry and title), the SPIR was 3.0 (95% CI =
1.4 to 5.7, 9 cases), compared with 5.0 (95% CI = 0.5 to 13.4, 2 cases) for both higher
formaldehyde and wood dust exposure and 0.8 (95% CI = 0.02 to 4.4, 1 case) for low
formaldehyde exposure. Among women (Hansen and Olsen 1996), an increase was found
for nasal cancer (SPIR = 2.4, 95% CI = 0.6 to 6.0. 4 exposed cases), lung cancer (SPIR =
1.2, 95% CI=0.96 to 1.4, 108 deaths), leukemia (SPIR = 1.2, 95% CI =0.7 to 1.8, 21
deaths), Hodgkin’s cancer (SPIR = 1.1, 95% CI = 0.3 to 2.7, 4 deaths), and brain cancer
(SPIR = 1.2, 95% CI = 0.8 to 1.6, 39 deaths). No deaths from nasopharyngeal cancer
were observed versus 0.8 expected.
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3.2.7 Studies of resin, chemical, and plastics manufacturing workers

In this section, historical cohort studies of workers in the formaldehyde-based resin
(Bertazzi et al. 1989, Bertazzi et al. 1986), chemical (Bond et al. 1986, Ott et al. 1989),
and plastics (Dell and Teta 1995) manufacturing industries are reviewed. Bond ef al.
(1986) evaluated lung cancer specifically, and Ott ez al. (1989) evaluated
lymphohematopoietic malignancies. [Collectively, the studies reviewed in this section are
limited by small numbers of study participants exposed to formaldehyde. Note also that
in these studies formaldehyde was not the primary occupational exposure of interest.
Workers in these cohorts were exposed to various other agents such as asbestos, styrene,
and solvents.] The following review will focus on study findings for formaldehyde only.

3.2.7.1 Italy: Historical cohort of formaldehyde-based resin production workers

Study population and follow-up. Bertazzi et al. (1986, 1989) studied mortality among
male workers at a resin manufacturing plant in Italy where formaldehyde-based resins,
including urea- and melamine-formaldehyde resins, were primarily produced since 1959.
A cohort of workers was assembled including 1,332 men ever employed in the plant for
at least 30 days between 1959 and 1980 (Bertazzi et al. 1986), which was revised to
1,330 men in the 1989 update (Bertazzi et al. 1989). Vital status was ascertained as of
December 31, 1986 through the local vital statistics offices, and death certificates were
obtained for cause of death (follow-up was complete for nearly 98% of the cohort)
(Bertazzi et al. 1989). The number of formaldehyde-exposed workers was not provided,
but 73 of the 179 deaths from all causes were exposed to formaldehyde.

Exposure assessment. Work histories for each worker were reconstructed using
incomplete plant employment records and interviews with current and retired workers as
well as foremen. Work histories were completed for over 80% of the cohort, and each
worker was assigned to one of three exposure categories based on their work history: (1)
exposed to formaldehyde, (2) exposed to other compounds (including styrene and
solvents), and (3) exposure not noted. Air sampling was conducted at the plant in 1974,
1978, and 1979; mean levels of formaldehyde ranged from 0.2 to 3.8 mg/m’ [0.16 to 3.1
ppm]. The authors noted that formaldehyde-based resins were produced in a separate area
from other resins, and also that job mobility was low, especially among workers engaged
in formaldehyde-based resin production [these factors reduce the potential for exposure
misclassification] (Bertazzi et al. 1986).

Statistical methods and results. Mortality in the cohort was compared with national and
local rates using the person-years method, adjusting for sex, age (5-year strata), and
calendar time (5-year intervals). Among workers “definitely” exposed to formaldehyde
statistically nonsignificant excess mortality was observed for cancers of the digestive
system (SMR = 1.34, 11 observed deaths vs. 8.2 expected), stomach (SMR = 1.64, 5
observed deaths vs. 3 expected,), liver (SMR = 2.44; 2 observed deaths vs. 0.8 expected),
and lymphohematopoietic cancers (SMR = 1.73, 3 observed deaths vs. 1.7 expected); all
comparisons with local rates. Note that only selected cancer sites were reported in these
studies.
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3.2.7.2 Texas: Nested case-control study in a historical cohort of chemical production
workers

Study population and follow-up. A nested case-control study of workers was conducted to
investigate elevated lung cancer mortality rates at a chemical production facility (Dow
Chemical) in Texas (Bond ef al. 1986). A retrospective cohort was assembled including
19,608 male workers hired between 1940 and 1980 and who had worked at the Texas
facility for at least one year. Vital status was ascertained for 97% of the cohort; death
certificates were obtained for 96% of the 3,444 deceased workers. Cases (N = 308) were
defined as former workers who had died before December 1980 and whose death
certificate listed cancer of the respiratory system as the underlying or contributing cause
of death. Two control series (of 308 each) without lung cancer were randomly selected
and individually matched by race, year of birth (within 5 years), and year of hire (case to
control ratio = 1:1). One series included workers alive when the matched case died of
lung cancer, and the other series included workers who had died of other causes within
five years after the matched case had died. A total of 588 unique controls were identified,
and pooled controls were used in the analysis.

Exposure assessment. For each subject, exposure to 171 chemical and physical agents
(yes/no), including formaldehyde, was estimated by an industrial hygienist blinded to
case/control status using information from employee work history records about work
areas, tasks, agents handled, and duration of employment. Information on potentially
confounding variables such as smoking and vitamin A intake was obtained from
interviews (82% response rate) conducted with subjects or their next-of-kin.

Statistical methods and results. Stratified analyses and conditional logistic regression
were used to calculate ORs and 95% Cls. Reported risk estimates for formaldehyde were
unadjusted for exposure to other agents and other potential confounders like smoking.
The estimated OR between exposure to formaldehyde (9 exposed deaths) and lung cancer
mortality was less than 1.0; the negative association remained after accounting for a 15-
year latency period (4 exposed deaths). [Eligible controls included participants with
cancers suspected to be associated with formaldehyde exposure, which might have
attenuated observed effect estimates. ]

3.2.7.3 West Virginia: Nested case-control study in a historical cohort of chemical
manufacturing workers

Study population and follow-up. Ott et al. (1989) conducted a nested case-control study
of lymphohematopoietic cancer within a cohort of nearly 30,000 male workers employed
in two chemical manufacturing facilities and a research and development center (Union
Carbide Corporation). Cases of non-Hodgkin’s lymphoma (N = 52), multiple myeloma
(N = 20), nonlymphocytic leukemia (N = 39), and lymphocytic leukemia (N = 18) among
workers in the cohort were identified by reviewing both underlying and contributory
causes of death noted on death certificates from 1940 through 1978; follow-up was
complete for 96% of the cohort. Controls were selected from the cohort using group-
matched incidence density sampling so that controls were first employed in the same
decade and survived to at least the same 5-year period as cases (case to control ratio =
1:5).
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Exposure assessment. Work history information was used to link work areas and
assignments with records of departmental usage for each substance; a worker was
considered exposed to formaldehyde (ever/never) if he worked for at least one day with
the chemical or in a work area specified as exposed.

Statistical methods and results. Unadjusted ORs were obtained using unconditional
logistic regression. Elevated but statistically nonsignificant risks were found for non-
Hodgkin’s lymphoma (OR = 2.0, 95% CI not reported, 2 exposed deaths),
nonlymphocytic leukemia (OR = 2.6, 2 exposed deaths), and lymphocytic leukemia (OR
= 2.6, 1 exposed death). The OR for multiple myeloma was 1.0 (1 exposed death). Very
few workers were exposed to formaldehyde, and workers with only one day of exposure
in their occupational lifetime were considered exposed.

3.2.7.4 New Jersey: Historical cohort of plastics manufacturing workers

Study population and follow-up. Cancer mortality among male workers at a plastics
manufacturing plant (Union Carbide Corporation) in New Jersey was studied by Dell and
Teta (1995). This plant is not included among those studied by Ott ef al. (1989). The
cohort included 5,932 male employees who worked more than six months between
January 1, 1946 and December 31, 1967. Vital status was ascertained through December
31, 1988 (94% complete) using company records, Social Security files, and information
from the National Death Index. Underlying causes of death were obtained from death
certificates (98% complete).

Exposure assessment. Exposure to asbestos, polyvinyl chloride, and formaldehyde was
assigned (yes/no) based on the major work department for each worker. One hundred
eleven (111) workers were assigned exposure to formaldehyde.

Statistical methods. Mortality in the cohort was evaluated using person-years analysis,
with age- and alendar-year-specific mortality rates among white males for the United
States (1940 to 1989) and New Jersey (1950 to 1989) as the referents.

Results. An excess of lung cancer was noted among 57 workers exposed to formaldehyde
during hexamethylenetetramine production (4 observed cases vs. 1.1 expected, no risk
estimate reported). No cases of sinonasal or nasopharyngeal carcinoma were observed.
As noted by the authors, the power of this study is limited with regard to formaldehyde
because of small sample size. [Further, the potential effect of individual exposures cannot
be distinguished within each work area.]

3.2.8 Other studies: abrasive material manufacturing, Iron foundry chrome leather
tannery workers, and textile workers

In this section, four historical studies examining the association between formaldehyde

exposure and cancer among abrasive material manufacturing, iron foundry, mixed

industry, and chrome leather tannery workers are summarized.
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3.2.8.1 Sweden: Cohort mortality and incidence study of abrasive materials
manufacturing workers (Edling et al. 1987b)

Study populations and statistical methods. 911 workers (211 women) at a plant
manufacturing abrasive materials and employed between 1955 and 1983 for at least five
years were enrolled in the study. Workers were traced through the Swedish national death
registry (from 1958 to 1983) and the national cancer registry (from 1958 to 1981). Deaths
occurring at ages 74 and older were excluded, based on less reliable diagnostic validity.
Age-, sex- and calendar year-stratified expected rates were calculated using the person-
year method based on national data.

Exposure assessment. The plant manufactured grinding wheels from aluminum oxide and
silicon carbide as abrasives bound with clay or phenol formaldehyde resins. Industrial
hygiene measurements were available since the 1970s; during the manufacture of
formaldehyde resins, exposure to formaldehyde ranged from 0.1 to 1.0 mg/m’ [0.08 to
0.8 ppm]. According to the authors, 59 workers had heavy intermittent exposure to peaks
0f 20 to 30 mg/m’ [16.3 to 24.4 ppm] of formaldehyde during the manufacture of
abrasive belts. No exposure assessments were conducted for individual workers.

Results. Findings were reported for 506 male “blue collar” workers only. No statistically
significant increases in mortality or incidence for all cancers combined
(observed/expected = 0.93, 95% CI = 0.5 to 1.5, 17 deaths; and observed/expected =
0.84, 95% CI = 0.5 to 11.3, 24 cases). Elevations in cancer incidence were observed for
pancreas (observed/expected = 1.8, 95% CI = 0.2 to 6.6, 2 cases), lymphoma
(observed/expected = 2.0, 95% CI = 0.2 to 7.2, 2 cases) and multiple myeloma
(observed/expected = 4.0; 95% CI = 0.5 to 14.4, 2 cases). One incident case of
nasopharyngeal cancer was observed in a worker with formaldehyde exposure of < 1.0
mg/m’ [< 0.8 ppm] and less than 5 years of employment.

3.2.8.2 Michigan: Historical cohort of iron foundry workers

Mortality among workers at an iron foundry in Michigan was investigated in a
retrospective cohort study assembled by Andjelkovich et al. (1990). Workers (N = §8,147)
were employed at an automotive gray iron foundry for at least six months between 1950
and 1979. During the period of observation from 1950 to 1984, an excess of lung cancer
deaths among these workers was observed. Though the authors suspected that the excess
could have been in part explained by smoking, other hypotheses related to occupational
exposures at the plant were proposed, including exposure to formaldehyde. To further
evaluate these hypotheses, the investigators conducted a nested case-control study of lung
cancer in the entire cohort (Andjelkovich et al. 1994) as well as a standardized mortality
analysis of a subset of the cohort exposed to formaldehyde between 1960 and 1987
(Andjelkovich et al. 1995). A summary of the major methods and findings from these

two studies follows.

Nested case-control study

To investigate the potential association between lung cancer and relevant exposures at the
iron foundry, including silica and formaldehyde, a nested case-control study was
conducted with additional years of follow-up through December 1989 (Andjelkovich et
al. 1994). Cases (N =220, 51% white) were defined as primary lung cancer deaths
among men in the cohort between January 1, 1950 and December 31, 1989. For each
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case, 10 controls matched on race and attained age were selected from the cohort using
incidence density sampling (52% of controls were alive at the end of the study period).
Smoking information was obtained by questionnaire or records (including plant records
and death certificates) for 76% of cases and 69% of a random sample of controls.
Detailed work histories within the foundry were used to identify 107 unique occupational
titles, which were then characterized by an industrial hygienist according to exposure to
silica (high, medium, low) and formaldehyde (high, medium, low, none). For analyses,
exposure to formaldehyde was dichotomized (ever/never) because only 25% of workers
were considered ever exposed to formaldehyde (57 cases and 538 controls).

Conditional logistic regression was applied to estimate the effect of exposure to
formaldehyde on lung cancer mortality adjusting for smoking, birth cohort (< 1915 vs. >
1915), and silica exposure (quartiles). Using the subset of controls for which collection of
smoking information was attempted, the OR for exposure to formaldehyde was 1.31
(95% CI = 0.83 to 2.07, number of cases not specified). Effect estimates consistently
decreased in magnitude with increasing lag periods (10, 15, and 20 years) to 0.84 (95%
CI = 0.44 to 1.60) with a 20-year lag. Effect estimates were slightly higher and more
precise when all controls were included, though the same decrease in risk was observed
with increasing lag periods. No evidence was observed of an interaction between

smoking and formaldehyde.

Cohort mortality sub-analysis

A subsequent analysis examined mortality among a subset of foundry workers (N =
3,929, 67% white) exposed to formaldehyde for 6 months or more during core making
operations between 1960 and 1987 (Andjelkovich et al. 1995). An internal referent group
included a sample of workers (N = 2,032) from the original cohort who were unexposed
to formaldehyde during the same time period. Cumulative exposure to formaldehyde was
estimated for each worker by an industrial hygienist based on job-specific exposure levels
(low = 0.05 ppm; medium = 0.55 ppm; and high = 1.5 ppm) and duration of exposure.
Smoking information was obtained by questionnaire or records (including plant records
and death certificates) for 65% of exposed workers and 55% of the unexposed referent

group.

Mortality among the exposed workers through December 1989 was compared with
mortality among the U.S. population; SMRs adjusted for sex, race, age, and calendar
period were obtained using the person-years method. To address the potential for healthy
worker bias, mortality among all the workers was compared with that of an occupational
referent population assembled by the NCI and NIOSH, using Poisson regression adjusted
for race, smoking, and silica exposure. Statistically nonsignificant excess mortality was
observed among the exposed workers for cancers of the buccal cavity and pharynx (SMR
=1.31, 95% CI = 0.48 to 2.86; 6 deaths), esophagus (SMR = 1.07, 95% CI = 0.39 to
2.33, 6 deaths), stomach (SMR = 1.64, 95% CI = 0.82 to 2.94, 11 deaths), rectum (SMR
=1.17, 95% CI = 0.23 to 3.41, 3 deaths), trachea, bronchus, and lung (SMR = 1.20, 95%
CI=0.89 to 1.58, 51 deaths) and other and unspecified genital organs (SMR = 1.13, 95%
CI=0.23 to 3.31, 3 deaths). SMRs below 1.0 were reported for all other cancer sites,
including, but not limited to, larynx (2 deaths), and all lymphohematopoietic cancers (7
deaths). No deaths from nasopharyngeal cancer were observed among formaldehyde-
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exposed workers (deaths from sinonasal cancers were not presented). Directly adjusted
relative risks (comparing exposed workers with unexposed workers) were elevated for
laryngeal cancer (RR = 1.50, 95% CI not reported, P > 0.05) and cancer of the trachea,
bronchus, or lung (RR = 1.13, 95% CI not reported, P > 0.05). The authors report that the
majority of SMRs increased when the NCI/NIOSH referent population was applied (data
not presented). In the Poisson regression analysis of men for whom smoking status was
known, cumulative exposure to formaldehyde (third and fourth quartiles combined vs.
unexposed) was not associated with cancers of the lung or oral cavity and pharynx (data
for other cancer sites not presented).

3.2.8.3 United States: Chrome leather tannery plant workers

Study population and follow-up. Stern and coworkers (Stern et al. 1987, Stern 2003)
conducted a retrospective cohort mortality study of 9,352 workers employed from 1940
to June 1979 (Plant A) or May 1980 (Plant B) in two chrome leather tannery plants in the
United States. Approximately 76% of the cohort were male, and approximately 82% were
white. The 1987 study followed workers until 1982, and the 2003 update extended the
follow-up for 11 years until 1993, yielding a total of 2,735 deaths. At the last follow-up,
vital status had been ascertained for 96% of the cohort, using Social Security and
National Death Index records. Death certificates were obtained for 96.1% of all deaths.
Workers in the finishing department were exposed to formaldehyde; the number of
workers was not stated, but there were 1,050 observed deaths.

Exposure assessment. No exposure monitoring data were available from the plants.
Industrial hygiene surveys were conducted by the investigators and used to assess
exposures by process and department. Duration of employment was used as a surrogate
for cumulative exposure. Multiple potentially hazardous agents were used in the tannery
process, including nitrosamines, chromates, benzidine-based dyes, leather dust, and
organic solvents, as well as formaldehyde, which was used in the finishing process.
Ambient formaldehyde levels were measured in the finishing department at the time of
the study and ranged from 0.5 to 7 ppm (mean 2.45 ppm). (Other potential exposures at
detectable levels in this department included acetone, toluene, methyl isobutyl ketone,
butyl cellusolve, and ambient leather fibers.)

Statistical methods. A modified life-table analysis was used to construct person-years at
risk from the start of employment to the end of 1993. Expected mortality rates were
computed from age-, sex-, race-, and calendar-year-specific rates in the two states in
which the plants were located.

Results. No statistically significant increases in SMRs for any site-specific cancers among
the entire cohort of workers in either Tannery A or B were observed (Stern 2003). (Note,
however, that not all cancer sites were reported.) With respect to the workers in the
finishing department, who were the subgroup of workers potentially exposed to
formaldehyde, the SMR for all causes of deaths was somewhat decreased (SMR = 0.95)
and that of cancer deaths was significantly decreased (SMR = 0.86), [which may suggest
a possible healthy worker effect]. A statistically nonsignificant increase in bladder cancer
(SMR = 1.20, 95% CI not reported, 7 deaths) and digestive system cancers (SMR = 1.02,
95% CI not reported, 68 deaths) was observed. SMRs were not increased for leukemia +
aleukemia (SMR = 0.93, 95% CI not reported, 9 deaths) or for all lymphatic and
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hematopoietic cancers (SMR = 0.91, 95% CI not reported, 22 deaths). One death from
squamous-cell carcinoma of the nasal cavity was noted in the 1987 study in a man who
had worked in the finishing department for over 18 years and died 55 years after the start
of employment; the SMR was not estimated, but the annual incidence rate among white
males in the United States cited by the authors was approximately 8 in one million at the
time of the study).

3.2.8.4 China: female textile workers; Wong et al. 2006, Li et al. 2006, and Ray et al.
2006

A series of nested case-cohort studies of cancer outcomes was conducted among a large
cohort of currently employed and retired female textile workers in 526 factories in the
Shanghai region of China who had originally been enrolled in a randomized breast self-
examination trial. The cohort, consisting of 267,400 workers born between 1925 and
1958, was recruited from 1989 to 1991 and followed for cancer incidence and mortality
from 1989 to 1998 or later. Workers received routine health care through their factories,
and cancer diagnoses were reported to a registry operated by the Shanghai Textile
Industry Bureau. Diagnoses were confirmed by record linkage with the Shanghai Cancer
Registry or medical records. Historical exposures were estimated by industrial hygienists
using a job-exposure matrix constructed from individual job histories and production
process data. Stratified analysis was conducted using a weighting scheme for the
stratified case-cohort design. Age-adjusted hazard ratios (HR) were calculated using Cox
proportional hazards methods with robust variance estimation.

Thyroid cancer

Wong et al. (2006) conducted a nested case-cohort study of thyroid cancer among the
cohort of female textile workers.Incident thyroid cases (N = 130) and non-case controls
(N=3,187) randomly selected from the cohort of all eligible textile workers and matched
by year of birth in 5-year strata were identified. The HR for only 2 cases of thyroid
cancer was considered to have exposure to formaldehyde compared with 11 controls; the
HR was 8.33 (95% CI = 1.16 to 60.0, 2 exposed cases, with > 10 years of exposure).

Nasopharyngeal cancer

Li et al. (2006) identified 76 incident cases of primary nasopharyngeal cancer among the
textile workers, of which occupational histories could be constructed for 67, were
identified. Non-case controls (N = 3,188) were randomly selected from the cohort of all
eligible textile workers and matched by year of birth in 5-year strata. No cases of
nasopharyngeal cancer were considered to have exposure to formaldehyde, compared
with 10 controls. The authors stated that there were no measurement data on
formaldehyde exposure, which could have resulted in exposure misclassification. The
study also included 10 cases of nasal or paranasal sinus cancer, but risk estimates (or
number of expected and observed cases) for formaldehyde exposure and sinonasal cancer
were not reported.

Breast cancer

In a follow-up of breast cancer incidence among the textile workers until 2000, Ray et al.
(2007) identified 1,709 incident breast cancer cases, and 3,155 non-case subcohort
controls, randomly selected from the cohort of all eligible textile workers and matched by
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year of birth in 5-year strata. Women with an a priori history of breast cancer or
mastectomy at baseline were excluded. Only two cases of breast cancer (both with > 10
years exposure) were considered to have exposure to formaldehyde, compared with 11
controls; the HR was 0.85 (95% CI = 0.14 to 5.23, 2 exposed cases), with > 10 years of
exposure.

3.3 Studies of health professionals, embalmers, and funeral directors

This section covers multiple studies of health professionals (e.g., anatomists,
pathologists, and medical lab technicians), embalmers, and funeral directors. These
occupations are known to involve exposure to formaldehyde, which is used as a human
tissue preservative (see Section 2.4.6 for more information on exposure levels). This
section includes studies of health professionals (Hall ez al. 1991, Harrington and Oakes
1984, Harrington and Shannon 1975, Stroup et al. 1986) and studies of embalmers and
funeral directors (Walrath and Fraumeni 1983, 1984, Levine et al. 1984, Hayes et al.
1990, Hauptmann et al. 2009). One study of pathologists was excluded from this review
because its primary objective was to examine low-level ionizing radiation among
pathologists with membership in the Radiation Registry of Physicians (Logue et al.
1986). A small case-control analysis of lung cancer among Danish physicians (Jensen
and Andersen 1982) is reported in Section 3.5.4.

Studies included in this section examined the association between occupational groups
assumed to be exposed to formaldehyde and excess mortality from cancer (compared
with cancer mortality among internal or external reference populations). Most of these
studies did not attempt to quantify or characterize exposure or estimate exposure-
response relationships, but rather examined cancer outcomes by occupation and
occupational characteristics (e.g., duration of employment) only. The case-control study
of Hauptmann et al. (2009), however, examined exposure-response relationships for
lymphohematopoietic and brain cancers among embalmers and funeral directors by
average, cumulative, peak, and duration of exposure based on estimated exposure levels
and individual work histories. Table 3-3 summarizes the characteristics of the major

studies. Findings for the tumor sites of interest from these studies are reported in Tables
3-4 to 3-9 (see Section 3.6).
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Table 3-3. Characteristics of cohort and nested case-control studies among health

professionals

Study population

Exposure assessment and

Analyses and

Reference and follow up exposure levels related studies
Hall et al. 1991 Pathologists, members | Employment status Standardized mortality
(update of of prolfess.ionall No information on exposure study

Harrington and organizations in the UK | [evels

Oakes 1984, N=4,512

Harrington and
Shannon 1975)

1974-87

Hayes et al. 1990

Deceased embalmers
and funeral directors
identified using
licensing board records,
death certificates, and
other sources, USA

N =4,046
1975-85

Employment status

No information on exposure
levels

Proportionate mortality
study
Lymphohematopoietic
and brain cancer
analyzed by type of
license (embalmer or
funeral director).

Levine et al. 1984

Licensed embalmers in
Ontario, Canada

N=1,413
1950-77

Licensing records
No information on exposure
levels

Standardized mortality
study

Stroup et al. 1986

Anatomists who were
members of the
American Association
of Anatomists, USA
N=2,317

1888-1979

Employment status

No information on exposure
levels

Standardized mortality
study

Findings for brain and
lung analyzed by length
of membership and
subspecialty

Walrath and
Fraumeni 1983

All licensed embalmers
in New York, USA

N=1,263
1902-80

Licensing records
No information on exposure
levels

Proportionate mortality
study

Specific cancer sites
analyzed by age at first
license, time since first
license, and type of
license (embalmers only
and funeral directors
and embalmers)

Walrath and
Fraumeni 1984

All licensed embalmers
in California, USA

N=1,109
1916-80

Licensing records

No information on exposure
levels

Proportionate mortality
study

Employment duration
estimated by length of
licensure

Hauptmann et al.
2009

Nested case-control
study

Cohort: 6,808 death
certificates from 1960—
86 identified from (1)
registries of the
National Funeral
Directors Association,

Occupational history obtained by
interviews with next of kin and
multiple co-workers using
detailed questionnaires

Exposure was assessed by
linking questionnaire responses
to a validated exposure
assessment model validated by

Cohorts include Hayes
et al. (1990), Walrath
and Fraumeni et al.
(1983, 1984)

Analyses included
duration of working in
jobs with embalming,
number of embalmings,
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Reference

Study population
and follow up

Exposure assessment and
exposure levels

Analyses and
related studies

(2) licensing board and
state funeral director’s
associations, (3) NY
State Bureau of Funeral
Directors and CA
Department of Health
Division of Funeral
Directors and
Embalmers

Nested case-control
study

Cases: 168
lymphohematopoietic
cancer, 48 brain cancer,
and 4 nasopharyngeal
cancer (underlying or
contributory cause of
death)

Controls: 264 randomly
selected from cohort
with other causes of
disease except for
cancer of the buccal
cavity or pharynx,
respiratory system, or
eye

monitoring data. Exposure levels
(peak, intensity, and cumulative)
were assigned to each individual
using a predictive model based
on the exposure-response data.

and exposure to
formaldehyde including
cumulative, peak,
average intensity, and 8-
hour time-weighted
average exposure.

Only one case of
myeloid leukemia was
observed in reference to
never exposed, so
analysis was repeated
using embalmers with
fewer than 500 lifetime
embalmings as the
referent group.

Pathologists: United Kingdom

A series of overlapping studies of pathologists in the United Kingdom were reported in
three publications from 1975 to 1991.The methods and findings for the earlier study are
mentioned briefly, and findings for the latest update are presented in greater detail.
Harrington and Shannon (1975) studied mortality among pathologists and medical
laboratory technicians who were members of professional organizations in the United
Kingdom at some time between 1955 and 1973 (N = 2,079, 156 deaths among
pathologists and 154 deaths among technicians), and followed until. 1968. Harrington and
Oakes (1984) extended the previous study to include 2,307 males (110 deaths) and 413
females (16 deaths). Pathologists active in one of the professional organizations from
January 1974 through December 1980 were followed until 1980. Statistically significant
increases in lymphohematopoietic cancers were observed among male pathologists (8
observed deaths vs. 3.3 expected, P < 0.05) in the 1975 study and in brain cancer among
men (SMR =3.31, 90% CI = 1.13 to 7.58, 4 deaths) in the 1984 study; no cases were
observed among women.

Hall et al. (1991) further updated this cohort of British pathologists, adding new members
of the Pathological Society and extending follow-up to 1987. A total of 4,512
pathologists were included: 3,872 from England and Wales (3,069 men, 803 women), and
409 males from Scotland; references rates were not available for the remaining members,
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which included females from Scotland or members from Northern Ireland. Sex-specific
SMRs adjusted for age (5-year strata) and calendar time (2-year intervals) were
calculated based on expected mortality rates from England and Wales (males and
females), or Scotland (males only). Compared with national rates, mortality from all
causes (SMR for men in England and Wales = 0.43, 95% CI = 0.37 to 0.50, 176 deaths;
SMR for women in England and Wales = 0.65, 95% CI = 0.38 to 1.03, 18 deaths, SMR
for men in Scotland = 0.50, 95% CI = 0.34 to 0.72, 29 deaths) and also from all cancers
was substantially less than expected. No statistically significant excesses were observed
for cancer at any site. However, increases in mortality were noted for
lymphohematopoietic cancer (SMR = 1.44, 95% CI = 0.69 to 2.65, 10 deaths) and
leukemia (SMR = 1.52, 95% CI = 0.41 to 3.89, 4 deaths) among all pathologists in
England and Wales, brain cancer (SMR = 2.40, 95% CI = 0.88 to 5.22, 6 deaths) among
male pathologists from England and Wales, prostate cancer (SMR = 3.30, 95% CI = 0.39
to 11.80, 2 deaths) among pathologists from Scotland, and breast cancer (SMR = 1.61,
95% CI = 0.44 to 4.11, 4 deaths) among female pathologists from England and Wales.
Among all pathologists, nonstatistically significant excesses were also observed for liver,
Hodgkin’s lymphoma and tongue, each based on one death only. (Only nine deaths were
observed among Scottish pathologists.)

3.3.1 Anatomists: United States

Stroup et al. (1986) conducted a retrospective cohort study of mortality among members
of the American Association of Anatomists. Eligible subjects included 2,317 male
residents of the United States who joined the professional organization between 1888 and
1969; each subject was followed from date of initial membership through December
1979. Death certificates were obtained and coded by a trained nosologist for underlying
and contributing causes of death. SMRs were calculated using 5-year age-specific and 5-
year time-specific mortality rates among U.S. white males from 1925 to 1979. A second
referent group consisting of 5-year age-specific mortality rates among 19,000 male
members of the American Psychiatric Association between 1900 and 1969 was also used
to reduce any influence of the “healthy-worker effect.” Compared with the general U.S.
population of white males, this cohort of anatomists experienced less-than-expected
numbers of death from all causes (SMR = 0.65, 95% CI = 0.60 to 0.70, 738 deaths) and
all cancers (SMR = 0.64, 95% CI = 0.53 to 0.76, 118 deaths). Despite these overall
deficits, a statistically significant excess of brain cancer was observed (SMR = 2.7, 95%
CI=1.3t0 5.0, 10 cases), and SMRs increased in magnitude with duration of
membership. Excess mortality was also noted for lymphohematopoietic cancers in
comparison with the U.S. population (SMR = 1.2, 95% CI = 0.7 to 2.0, 18 deaths),
including leukemia (SMR = 1.5, 95% CI = 0.7 to 2.7, 10 deaths) and other
lymphohematopoietic cancer of other lymphatic tissues (SMR = 2.0, 95% CI = 0.7 to 4.4,
6 deaths). The authors noted that of the 10 leukemia deaths, 5 were from myeloid
leukemia, and the SMR for chronic myeloid leukemia was statistically significantly
elevated (SMR = 8.8, 95% CI = 1.8 to 25.5, 3 deaths) during the period from 1969 to
1979 when cell-type-specific mortality rates were available. Slight increases in cancers of
the colon (SMR = 1.1, 95% CI = 0.7 to 1.7, 20 deaths) and pancreas (SMR = 1.1, 95% CI
=0.6t0 2.0, 11 deaths) were also observed. No deaths were observed from cancer of the
nasal cavity and sinuses or nasopharynx. Brain cancer was also statistically significantly
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elevated when compared with the referent group of psychiatrists (SMR = 6.0, 95% CI =
2.3 to 15.6); the SMR for leukemia was not elevated in comparison with the referent
group of psychiatrists, however (SMR = 0.8, 95% CI = 0.2 to 2.9, 3 deaths). (The authors
did not state whether both underlying and contributory causes of deaths, which were both
recorded by a nosologist in this study, were used in analyses, either for the exposed
subjects or for calculating expected rates for U.S. males or members of the American
Psychiatric Association.)

3.3.2 Embalmers: New York

Using records obtained from the New York Bureau of Funeral Directing and Embalming,
Walrath and Fraumeni (1983) assembled a cohort of all embalmers licensed to practice in
New York between 1902 and 1980 and known to have died between 1925 and 1980.
Death certificates were obtained for 1,263 eligible subjects (75% of cohort), and the
underlying cause of death was coded by a trained nosologist. Deaths observed among the
embalmers were compared with expected numbers calculated by applying the age-, race-,
and calendar-year-specific proportions of deaths for each cause among the U.S. male
population to the total number of deaths in the cohort by 5-year age and calendar periods.
Time since first licensure was used to approximate duration of exposure.

Results focused on findings from 1,132 white men (10 women and 42 men of unknown
race were excluded). Among white male embalmers, a statistically nonsignificant

increase in PMR for all cancers was observed (PMR = 1.11, 243 observed deaths vs.
218.9 expected). A statistically significant (P < 0.05) excess mortality was observed for
cancers of the colon (PMR = 1.43, 29 observed deaths vs. 20.3 expected) and skin (PMR
=2.21, 8 observed deaths vs. 3.6 expected). Mortality was also greater than expected for
cancers of the kidney (PMR = 1.50, 8 observed deaths vs. 5.4 expected), brain (PMR =
1.56, 9 observed deaths vs. 5.8 expected), liver and gallbladder (PMR = 1.06, 5 observed
deaths vs. 4.7 expected), pancreas (PMR = 1.05, 13 observed deaths vs. 12.3 expected),
lung (PMR = 1.08, 72 observed deaths vs. 66.8 expected; 2 of these deaths were pleural
cancers), buccal cavity and pharynx (PMR = 1.13, 8 observed deaths vs. 7.1 expected),
and lymphohematopoietic cancers (PMR = 1.21, 25 observed deaths vs. 20.6 expected)
including leukemia (PMR = 1.40; 12 observed deaths vs. 8.5 expected). (PCMRs were
calculated and were similar to PMRs in most cases, although estimates were less stable
for cancers with small numbers of deaths.) No deaths from cancer of the nasal cavity or
sinuses or nasopharynx were observed. Among non-white males (N = 79), the authors
noted that significantly higher mortality from cancers of the larynx (2 observed deaths)
and lymphohematopoietic system (3 observed deaths) was found (data not presented).

Analysis by time since first licensure did not produce markedly different results, with the
exception of mortality from skin cancer (PMR = 1.73 for less than 35 years, 4 deaths; and
PMR = 3.08, 35 deaths for greater than 35 years). Statistically significant increases in
brain (PMR = 2.94, 5 observed deaths) and skin cancer mortality (PMR = 3.87, 5
observed deaths) were found among white embalmers who were first licensed at 30 years
or older. Stratification by type of license among the white male embalmers showed that
cancer mortality was generally more elevated among the 546 subjects who practiced only
as embalmers than among the 586 who practiced both as embalmers and funeral
directors; the authors considered embalmers to be more highly exposed to formaldehyde
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than funeral directors. Among those who practiced only as embalmers, increases in
mortality were observed for oral cavity and pharyngeal cancer (PMR = 2.01, 7 observed
deaths vs. 3.5 expected, P > 0.05), skin (PMR = 3.26, 5 observed cases vs. 1.5 expected,
P <0.05), kidney (PMR = 2.47, 6 observed cases vs. 2.4 expected, P < 0.05) and brain
(PMR = 2.34, 6 observed cases vs. 2.6 expected, P < 0.05). Statistically nonsignificant
increases were seen only for lymphohematopoietic cancers (PMR = 1.39, 16 observed
deaths vs. 11.5 expected), bladder cancer (PMR = 1.32, 5 observed deaths vs. 3.8
expected), gastrointestinal and peritoneal cancers (PMR = 1.33, 42 observed deaths vs.
31.7 expected), skin (PMR = 1.44, 3 observed deaths vs. 2.1 expected) and respiratory
system cancers (PMR = 1.12, 47 observed deaths vs. 42.1 expected).

3.3.3 Embalmers: California

The study design and analysis used by Walrath and Fraumeni (1983) was replicated by
Walrath and Fraumeni (1984) using a second cohort including all embalmers licensed to
practice in California between 1916 and 1978 and known to have died between 1925 and
1980. Licensing records were obtained from the Bureau of Funeral Directing and
Embalming in Sacramento, California, and death certificates were obtained for 1,109
eligible subjects (94% male, 96% white). Reported results excluded 63 women and 39
non-white men. Mortality from all malignant neoplasms was significantly higher than
expected in this cohort (PMR = 1.21, 205 observed deaths vs. 169.9 expected; P < 0.05).
A statistically significant (P < 0.05) excess mortality was observed for cancers of the
colon (PMR = 1.87, 30 observed deaths vs. 16 expected), prostate (PMR = 1.75, 23
observed deaths vs. 13.1 expected), brain and central nervous system (PMR = 1.94, 9
observed deaths vs. 4.7 expected), and leukemia (PMR = 1.75, 12 observed deaths vs. 6.9
expected). The excess of leukemia cases was noted largely among embalmers with
greater than 20-years licensure (PMR = 2.21, 8 observed deaths; P < 0.05). Statistically
nonsignificant increases (greater than 5%) were also noted for cancers of the buccal
cavity and pharynx (PMR = 1.31, 8 observed deaths vs. 6.1 expected), pancreas (PMR =
1.35, 12 observed cases vs. 8.9 expected), bladder (PMR = 1.38, 8 observed deaths vs.
5.8 expected), all lymphohematopoietic cancers (PMR = 1.22, 19 observed deaths vs.
15.6 expected), and other (unspecified) cancers (PMR = 1.37, 21 observed deaths vs. 15.3
expected). No deaths from nasal cancer were observed (0.6 expected).

3.3.4 Embalmers: Canada

Levine et al. (1984) assembled a cohort of 1,413 male embalmers first licensed by the
Ontario Board of Funeral Services between 1928 and 1957 and known to have died
between 1950 and 1977. Death certificates were obtained from the Canadian Mortality
Database and coded for underlying and contributing cause of death by trained
nosologists. Numbers of observed and expected deaths were enumerated for each
underlying cause of death. Standardized mortality ratios were calculated using expected
deaths determined by applying age- and calendar-year-specific mortality rates among all
males in Ontario from 1950 to 1977. A statistically nonsignificant increase in deaths from
all lymphohematopoietic cancers was noted (SMR = 1.24, 8 observed deaths vs. 6.5
expected, including 4 leukemia deaths vs. 2.5 expected), [though this finding was based
on small numbers]. SMRs were less than 1.0 for all other major cancer sites reported.
SMRs were not calculated for cancer sites where either observed or expected numbers of
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deaths were less than five. Three deaths from brain cancer were observed (vs. 2.6
expected), and no deaths from sinus and nasal cancers were observed (vs. 0.2 expected).

3.3.5 Embalmers and funeral directors: United States

Hayes et al. (1990) conducted a proportionate mortality study of 4,046 (90% white) male
embalmers and funeral directors from multiple locations in the United States who had
died between 1975 and 1985. Information on occupation and cause of death was
ascertained from death certificates, licensing board, and state funeral directors
association. Observed numbers of deaths by cause were compared with expected numbers
using sex-, race-, 5-year age- and calendar-year-specific proportions of deaths among the
U.S. general population. Results were stratified by race. An increase in all cancers
combined was observed among whites (PMR = 1.07, 95% CI = 1.01 to 1.15, 900 deaths)
and non-whites (PMR = 1.08, 95% CI = 0.87 to 1.31, 102 deaths). Colon cancer was
statistically significantly elevated among non-whites (PMR = 2.31, 95% CI = 1.32 to
3.76, 16 deaths) but not whites (PMR = 1.18, 95% CI = 0.95 to 1.44, 95 deaths), as were
lymphohematopoietic cancers among both whites (PMR = 1.31, 95% CI = 1.06 to 1.59,
100 deaths) and non-whites (PMR = 2.41, 95% CI = 1.35 to 3.97, 15 deaths). Mortality
from lymphohematopoietic cancers did not vary substantially between embalmers and
funeral directors. Among all subjects with lymphohematopoietic cancers, PMRs were
statistically significant for myeloid leukemia (PMR = 1.57, 95% CI = 1.01 to 2.34, 24
deaths) and unspecified leukemias (PMR = 2.28, 95% CI = 1.39 to 3.52, 20 deaths);
statistically nonsignificant excesses were observed for several other histologic subtypes,
including non-Hodgkin’s lymphoma (PMR = 1.26, 95% CI = 0.87 to 1.76, 34 deaths) and
multiple myeloma (PMR = 1.37, 95% CI = 0.84 to 2.12, 20 deaths). PMRs were
nonsignificantly elevated for several other cancer sites, including the oral cavity and
pharynx (whites: PMR = 1.19, 95% CI = 0.78 to 1.74, 26 deaths; non-whites: PMR =
1.25, 95% CI = 0.34 to 3.20, 4 deaths); nasopharynx (whites: PMR = 1.89, 95% CI = 0.39
to 5.48, 3 deaths; non-whites: PMR = 4.00, 95% CI = 0.10 to 22.29, 1 death); esophagus
(whites: PMR = 1.15, 95% CI = 0.72 to 1.73, 22 deaths; non-whites: PMR below 1.0);
pancreas (whites: PMR = 1.19, 95% CI = 0.89 to 1.57, 51 deaths; non-whites: PMR =
1.67, 95% CI = 0.72 to 3.29, 8 deaths); skin (whites: PMR = 1.34, 95% CI = 0.81 to 2.09,
19 deaths; non-whites: no observed deaths), breast (whites: PMR = 2.00, 95% CI = 0.24
to 7.22, 2 deaths; non-whites: no observed deaths); prostate (whites: PMR = 1.06, 95%
CI=0.84 to 1.32, 79 deaths; non-whites: PMR = 1.35, 95% CI = 0.82 to 2.12, 9 deaths);
kidney (whites: PMR = 1.26, 95% CI = 0.82 to 1.87, 25 deaths; non-whites: PMR = 1.52,
95% CI =0.18 to 5.50, 2 deaths), eye (whites: PMR = 3.62, 95% CI = 0.44 to 13.08, 2
deaths; non-whites: no observed deaths), brain and other central nervous system (whites:
PMR = 1.23, 95% CI = 0.80 to 1.84, 24 deaths; non-whites: no observed deaths), and
thyroid (whites: PMR = 2.37, 95% CI = 0.49 to 6.93, 3 deaths; non-whites: no observed
deaths).

3.3.6 Nested case control study of embalmers and funeral directors: United States

Study population. Hauptmann et al. (2009) conducted a case-control study of
lymphohematopoietic, brain and nasopharyngeal cancers that included embalmers and
funeral directors from previous mortality studies (Walrath and Fraumeni 1983, 1984,
Hayes et al. 1990) and for whom vital status could be determined. Death certificates were
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obtained from state vital statistics offices for 6,808 embalmers and funeral directors who
had died between January 1 1960 and January 1 1986 and coded for underlying cause and
contributory of death. All cases in which lymphohematopoietic, (N = 168, 85% coded as
underlying cause of death, consisting of 99 for lymphoid origin, 48 for nonlymphoid
origin, and 34 for myeloid leukemia), brain (N = 48, 92% coded as underlying cause of
death) and nasopharyngeal cancer (N = 4, all coded as underlying cause of death) was an
underlying or contributing cause of death were included in the study. Three cases in
which more than one of these cancers occurred among the underlying and contributing
causes of death were coded to the underlying cause of death for analysis. Cases were
matched on data source, sex, and 5-year date of birth and death interval with 265 controls
randomly selected from workers in the funeral industry with other causes of death, except
for cancers of the buccal cavity or pharynx, respiratory system, or eye, brain or other
central nervous system.

Exposure assessment. Work histories and practices of the subjects were obtained by in-
person interviews with both next of kin and several co-workers to ascertain frequency
and duration of embalmings for jobs held more than five years, spills, and ventilation of
the premises. These data were linked to a predictive exposure model that took into
account exposure levels validated from repeated real-time measurements of independent
embalmings, ventilation, spills, and other covariates to estimate lifetime 8-hour time-
weighted average, cumulative, and peak exposures to formaldehyde.

Statistical methods and results. Unconditional logistic regression analysis was used to
calculate odds ratios for categories of exposure (frequency and duration of embalming
and exposure to formaldehyde metrics) with a 2-year lag interval, and adjusted for
calendar year of birth, age at death, sex, and data source, and smoking status (ever vs.
never). Continuous exposure metrics (peak, average lifetime 8-hour time-weighted
average and cumulative exposure) were grouped into four categories: non-exposed and
approximate tertiles of exposed controls. Wald tests for trend were based on estimated
slopes of continuous variables. Using a 15-year lag for exposure compared with the 2-
year interval used in primary analyses did not alter the results.

Lymphohematopoietic cancers

Risk estimates were calculated for all lymphohematopoietic cancers combined, cancers of
the lymphoid origin cancers of nonlymphoid origin, and specifically for myeloid
leukemia for each of the following exposure metrics: ever embalming, number of
embalmings and number of years of working in embalming, and the four quantitative
estimates of exposure to formaldehyde. Ever embalming was associated with a
statistically nonsignificant increased risk for all lymphohematopoietic cancers combined
(OR =1.4, 95% CI = 0.8 to 2.6, 144 exposed cases) and a borderline statistically
significant increased risk for lymphohematopoietic cancers of non-lymphoid origin (OR
=3.0,95% CI=1.0to0 9.5, P=0.059, 44 exposed cases). Among the latter cases, a
statistically significant trend with increasing number of years of working in embalming
was observed (Piend = 0.046). In addition, statistically significant increases were
observed among lymphohematopoietic cancers of non-lymphoid origin for the highest
exposure categories for cumulative exposure (OR = 4.0, 95% CI = 1.2 to 13.2, 22
exposed cases, for > 9,253 ppm-hours), 8-hour TWA intensity of exposure (OR = 4.2,
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95% CI = 1.2 to 14.3, 20 cases, for > 0.10 to 0.18 ppm and OR = 3.4, 95% CI = 1.0 to
11.8, 15 exposed cases for > 0.18 ppm) and peak exposure (OR = 3.8, 95% CI = 1.1 to
12.7, 18 exposed cases, for peaks > 9.3 ppm), although exposure-response trends were
not significant (see Table 3-8b).

The increases in risk for non-lymphoid origin cancers were attributable mainly to the risk
for myeloid leukemia (OR = 11.2, 95% CI = 1.3 to 95.6, P = 0.027, 33 exposed cases).
Among deaths from myeloid leukemia, a statistically significant trend was observed for
duration of employment in jobs with embalming (Pyend = 0.020); the trend for peak
exposure was 0.036 and for average exposure the trend was 0.058. No exposure response
relationship was observed with cumulative or 8-hour TWA exposure; however,
statistically significant increases in risk were observed for myeloid leukemias for each
category of cumulative exposure of between > 0.0 and > 9,253 ppm-hours, for average
intensity of exposure while embalming of > 0.0 to 1.4 ppm, > 1.4 to 1.9 ppm, and > 1.9
ppm, and for 8-hour TWA exposures > 0.10 ppm. Risks for myeloid and other subtypes
of leukemia were compared between subjects who had performed more than 500
embalmings with those performing less than 500 over a lifetime because there was only
one myeloid leukemia in the reference group of non-embalmers. [This analysis reduced
the ORs for exposed cases but yielded more stable risk estimates of effect.] For myeloid
leukemia (N = 34 for > 500 embalmings vs. 5 for < 500 embalmings), increased risks
were associated with high-level exposures of more than 34 years of employment (OR =
3.9,95% CI = 1.2 to 12.5, P =0.024), more than 3,068 embalmings (OR = 3.0, 95% CI =
1.0 t0 9.2, P =0.057) and > 9,253 ppm-hours cumulative exposure to formaldehyde (OR
=3.1,95% CI=1.0to 9.6, P=0.047) (see Table 3-8b). Adjustment for smoking did not
alter the results. With respect to lymphohematopoietic cancers of lymphoid origin, no
associations with the various estimates of formaldehyde exposure were observed (ORs
for ever embalming compared with never embalming were 0.9, 95% CI = 0.4 to 2.1 for
non-Hodgkin’s lymphoma; 0.5, 95% CI = 0.1 to 2.6, 8 exposed cases for Hodgkin’s
lymphoma; 1.4, 95% CI = 0.4 to 5.6 for multiple myeloma; and 1.0, 95% CI=0.5to 1.9
for all lymphoma including chronic lymphocytic leukemia).

Brain cancers
Embalming was associated with an increased but not statistically significant risk for these

tumors (OR = 1.9, 95% CI = 0.7 to 5.3, 42 exposed cases). There were no clear exposure-
response trends with duration, cumulative, average intensity, or peak exposures.

Nasopharyngeal cancers

Four cases of nasopharyngeal cancer were identified in this population, of whom two had
ever engaged in embalming (OR = 0.1, 95% CI = 0.01 to 1.2, 2 exposed cases). Average
exposure levels among these two cases were equal or higher than exposure levels among
exposed controls for most exposure metrics, however.

3.4 Population-based cohort and cancer registry studies

One population-based cohort study, in which cancer mortality in association with
occupational histories was prospectively investigated in a large, nationwide cancer study
of U.S. males (Stellman et al. 1998), together with a case-control analysis of multiple
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myeloma nested within this study (Boffetta et al. 1989), and one cancer registry study of
the buccal cavity, tongue, and pharynx from Finland (Tarvainen et al. 2008) were
identified. Findings for cancer outcomes among men who reported exposure to
formaldehyde and for a nested case-cohort analysis of multiple myeloma conducted
within the larger U.S. cohort are reviewed

3.4.1 United States: American Cancer Society Cancer Prevention Study

Study population and follow-up. Stellman et al. (1998) studied the association between
mortality and occupational exposure to wood dust in the second phase (CPS II) of the
American Cancer Society’s population-based Cancer Prevention Study. The entire cohort
consisted of over half a million males from all 50 states, Washington, D.C., and Puerto
Rico who were enrolled in 1982 and completed questionnaires on demographic and
lifestyle characteristics including smoking, medical history, and occupational history, and
were followed for 6 years. Stellman et al. reported findings for 45,399 men who reported
employment in a wood-related occupation or exposure to wood dust, some of whom were
exposed to formaldehyde.

Exposure assessment and statistical analysis. Exposure to 12 occupational substances
including formaldehyde, was self-indicated on a check-list. The analysis included 11,541
woodworkers, of whom 387 reported exposure to formaldehyde. Risk estimates for
selected cancer sites were also calculated for non-woodworkers exposed to formaldehyde
(number not stated but 1,238 deaths from all causes were observed). Site-specific cancer
mortality information was obtained from death certificates during six years of follow-up
(September 1982 to August 1988). Incidence density ratios adjusted by age and smoking
status were calculated for subjects reporting formaldehyde exposure employed in any
occupation, and for subjects reported formaldehyde exposure employed in a wood-related
occupation. The reference group for all estimates consisted of the 317,424 men who did
not report either employment in a wood-related occupation or regular exposure to wood
dust. The analysis focused on cancer sites considered to be of a priori concern based on
excesses observed among woodworkers in other studies.

Results. Woodworkers who reported regular exposure to formaldehyde had a statistically
significant increase in lung cancer mortality (RR =2.63, 95% CI = 1.25to 5.51, 7
exposed cases) and leukemia (RR = 5.79, 95% CI = 1.44 to 23.25, 2 exposed cases).
Effect estimates were elevated for rectal cancer (RR = 5.77, 95% CI = 0.81 to 41.22) and
non-Hodgkin’s lymphoma (RR = 2.88, 95% CI = 0.40 to 20.50), though both estimates
were based on only one exposed case and were not statistically significant. Among non-
woodworkers exposed to formaldehyde, increased risk of cancer mortality was observed
for stomach cancer (RR = 1.63, 95% CI = 0.94 to 2.86, 11 exposed cases) and all
lymphohematopoietic cancers combined (RR = 1.22, 95% CI = 0.84 to 1.77, 28 exposed
cases). Results for cancers of the paranasal sinuses and nasal cavity were not presented
for the formaldehyde-exposed workers; two cases of SNC and one case of NPC were
observed among all workers.

Nested case-cohort study. A population-based nested case-cohort study of 282 deaths
from multiple myeloma observed in the second stage of the American Cancer Society’s
Cancer Prevention prospective cohort study and matched with up to 4 within-cohort
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controls was conducted by Boffetta ez al. (1989). Of the 282 deaths, 128 were considered
to be incident cases, on which analyses were based. The association between multiple
myeloma, occupational groups and selected exposures was examined, based on
questionnaires completed by enrollees and assignment of exposure status by the
investigators. Using conditional logistic regression, a statistically nonsignificant
association between multiple myeloma incidence and formaldehyde exposure was
observed (OR = 1.8, 95% CI = 0.6 to 5.7, 4 exposed cases).

3.4.2 Cancer registry study of the buccal cavity, tongue, and pharynx: Finland

Study population. The association between oral cavity, tongue, and pharyngeal cancers
and occupational exposures was investigated in a standardized incidence study by
Tarvainen et al. (2008), using all diagnosed cases identified among all Finnish men and
women, born between 1906 and 1945 and followed from 1971 to 1995, through the
Finnish Cancer Registry. A total of 46.8 million person-years were represented by the
cohort, and a total of 2,708 cases of oral cavity, tongue and pharyngeal cancers
(excluding nasopharyngeal cancers) were identified.

Exposure assessment. The occupation held the longest according to the 1970 census was
converted via a national job-exposure matrix to semi-quantitative (low, medium, and
high) estimates of cumulative exposure to 43 separate chemical agents.

Statistical methods and results. Standardized incidence ratios for combined oral, tongue,
and pharyngeal cancers were calculated based on national rates. Exposure to low,
medium, and high estimated cumulative levels of formaldehyde was associated with
statistically nonsignificant SIRs of 0.79 (95% CI = 0.6 to 1.03, 59 cases), 1.01 (95% CI =
0.43 to 1.98, 8 cases) and 0.73 (95% CI 0.27 to 1.59, 6 deaths), respectively.

3.5 Case-control studies

Over 40 case-control studies have examined the relationship between occupational
exposure to formaldehyde and various cancers. Most are population based with the
exception of the study of physicians by Jensen and Anderson (1982) and the study of
workers in woodworking industries by Pesch et al. (2008). This section reviews
epidemiological case-control studies chronologically by major cancer site. The review
covers head and neck cancers, lung cancer, lymphohematopoietic malignancies, and
cancers at all other sites that have been studied in relation to formaldehyde. Head and
neck cancers are further divided into three distinct sections: cancers of the paranasal
sinuses and nasal cavity (i.e., sinonasal cancer), cancer of the nasopharynx, and all other
head and neck cancers. See Tables 3-4 to 3-9 for cancer-specific tumor site findings.

Some studies evaluated cancer risk at more than one tumor site; results from these studies
will be presented for each tumor site individually, though the study population and
methods will be described only at the first citation.

3.5.1 Cancers of the paranasal sinuses and nasal cavity

This section reviews six case-control studies and a pooled analysis of workers from 12
case-control studies (Luce et al. 2002) that examined the association between
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formaldehyde and sinonasal carcinoma. Four studies were conducted in Europe (Hayes e?
al. 1986, Luce et al. 1993, Olsen and Asnaes 1986, Olsen et al. 1984, Pesch et al. 2008),
and two in the United States (Vaughan et al. 1986a, Roush ef al. 1987). [In a number of
these studies, exposure to wood dust might have occurred in addition to formaldehyde.
Wood dust is a known human carcinogen with a strong association with sinonasal
cancers, predominantly of the adenocarcinoma type; some studies have also reported
associations with squamous-cell carcinomas (IARC 1995, NTP 2005a, Baan et al. 2009)]

3.5.1.1 Denmark: Olsen et al. (1984), Olsen and Asnaes (1986)

Study population. The association between occupational formaldehyde exposure and
sinonasal and nasopharyngeal cancers was explored in a population-based case-control
study in Denmark (Olsen et al. 1984). Cases of non-sarcoma carcinomas of the sinonasal
cavity (N = 488, 66% male) and nasopharynx (N = 266, 68% male) diagnosed between
1970 and 1982 were identified using the Danish Cancer Registry (see Section 3.5.2 for
results on nasopharyngeal cancer). Eligible controls (N = 2,465) diagnosed with
colorectal, prostate, or breast cancer were also selected from the registry and matched to
cases (case to control ratio = 1:3) by sex, age (within 5 years), and year of diagnosis
(within 5 years). In 1986, Olsen and Asnaes performed a re-analysis after conducting
additional data collection to obtain histological information for each case included in
their original case-control study. Seven hundred fifty-nine (759) histologically verified
cancers of the nasal cavity (N = 287), paranasal sinuses (N = 179), and nasopharynx (N =
293) were included in the analysis. [Presumably, many of these cases were included in
the Danish record linkage study by Hansen and Olsen 1996 (see Section 3.2.6)].

Exposure assessment. Information on occupational history since 1964 was obtained by
linking subjects with national pension and population registries with information
including job title, industry, job description, company of employment, and period of
employment for each worker. These data, in addition to information about Danish
industries and occupations supplied by the national Labor Inspection Service, were used
by three industrial hygienists blinded to case/control status to classify each subject by
exposure (ever/never) to certain agents including formaldehyde. Each reported job was
further classified as unexposed, certainly exposed, probably exposed, or unknown.

Statistical methods and results. Odds ratios were estimated with tabular analysis, and
Mantel-Haenszel summary estimates were calculated to assess confounding and
interaction with wood dust. Among controls, 4.2% of men and 0.1% of women were
considered exposed to formaldehyde (percentage of cases exposed not reported); further
analyses were thus restricted to men only. Olsen ef al. (1984) reported that the RR for
sinonasal cancers among men considered certainly exposed to formaldehyde compared
with those unexposed was 2.8 (95% CI = 1.8 to 4.3, 33 exposed cases). When a lag time
was applied by excluding exposures within 10 years of diagnosis, the corresponding RR
increased to 3.1 (95% CI = 1.8 to 5.3, 23 exposed cases). Effect estimates among men
considered probably exposed were closer to the null. Exposure to wood dust was
evaluated both as a potential confounding factor and as an effect modifier. Among
subjects unexposed to wood dust, the RR for any formaldehyde exposure and sinonasal
cancers was 1.8 (95% CI = 0.7 to 4.9, 5 cases). Among those unexposed to formaldehyde,
the RR for any wood dust exposure and sinonasal cancers was 2.0 (95% CI=1.1to0 3.7, 8
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cases). The RR for the joint effect of exposure to both formaldehyde and wood dust was
3.5(95% CI =2.2 to 5.6, 28 cases). Adjusting for wood dust to evaluate whether the
effect of formaldehyde alone was confounded by wood dust, the pooled RR for any
formaldehyde exposure was 1.6 (95% CI not reported; P > 0.05). When a 10-year
exposure lag time was applied, the adjusted summary measure was unchanged; however,
the joint effect of both exposures increased to 4.1 (95% CI = 2.3 to 7.3, 20 cases). Effect
estimates for formaldehyde did not markedly change after adjustment by occupational
exposure to paint, lacquer, and glue. The authors noted that this study had 80% power to
detect an OR of 2.0 for sinonasal cancer.

Olsen and Asnaes (1986) reported findings by histological type of cancer. For squamous-
cell type sinonasal cancers, the RR among men ever exposed to formaldehyde was 2.3
(95% CI=0.9 to 5.8, 13 exposed cases) after adjusting for exposure to wood dust.
Among those unexposed to wood dust, the RR was 2.0 (95% CI = 0.7 to 5.9, 4 exposed
cases). For adenocarcinoma of the sinonasal cavities, the RR among men exposed to
formaldehyde vs. unexposed was 2.2 (95% CI = 0.7 to 7.2, 17 exposed cases) after
adjusting for wood dust. Among those unexposed to wood dust, the RR was 7.0 (95% CI
=1.1to 43.9, 1 exposed case). Restricting exposures to those occurring at least 10 years
before diagnosis did not markedly change the magnitude of the effect of formaldehyde on
either histologic type of sinonasal cancers.

3.5.1.2 The Netherlands: Hayes et al. (1986)

Study population. One hundred sixteen (116) male residents of the Netherlands aged 35
to 79 and diagnosed with histologically confirmed primary epithelial sinonasal cancers
between 1978 and 1981 were identified from six major cancer treatment centers in 1982
for a case-control study of occupational formaldehyde exposure and other environmental
risk factors for sinonasal cancers (Hayes et al. 1986). Sixty—seven (67) of the cases (58%)
were squamous-cell carcinomas, 28 (24%) adenocarcinomas, and 21 (18%) of other
types, mostly undifferentiated. At the start of study implementation, 74 (64%) patients
were alive and 42 were deceased. Controls were frequency matched by age and randomly
selected from living resident males in 1982 (case to control ratio = 1:2 for living cases,
yielding 223 living controls), and from deceased resident males in 1980 (case to control
ratio = 1:1 for deceased cases, yielding 36 deceased controls).

Exposure assessment. Interviews were conducted in person or on the phone (10%) to
obtain occupational histories for all jobs held at least six months including information
such as year(s) of employment, industry and company, and type of work. Interviews were
completed for 91 cases and 195 controls. Each reported job was first classified by
industry and occupational title. Two industrial hygienists blinded to case status (IH, and
IHp) then independently classified each occupation and assigned scores of 0 (no
exposure) to 9 (highest exposure) based on the level and probability of exposure to
formaldehyde. Exposure to wood dust was similarly assessed by one hygienist.

Statistical methods and results. Relative risks were estimated along with 90% confidence
intervals, and exposure-response trends were evaluated using the Breslow-Day chi-square
test for trend. Of the 286 subjects, 65 (23%) were considered exposed to formaldehyde by
IH4 and 125 (44%) by IHg. Among the 224 subjects considered unlikely to be exposed
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to wood dust (scores 0 to 2), 15% and 30% were considered exposed to formaldehyde by
IH4 and IHp, respectively. The age-adjusted RR for nasal cancer associated with any
formaldehyde exposure was 2.5 (90% CI = 1.5 to 4.3) for IH4 and 1.9 (90% CI = 1.2 to
3.0) for IHg. These effect estimates did not change after adjustment for smoking or
alcohol use. Restricting this analysis to subjects with low exposure to wood dust (scores 0
to 2), the age-adjusted RRs for nasal cancer and different levels of exposure to
formaldehyde were as follows: (1) any exposure, RR = 2.5 (90% CI = 1.2 to 5.0, 15
exposed cases) for [H, and 1.6 (90% CI = 0.9 to 2.8, 24 exposed cases) for [Hg; (2) low
exposure (scores 1 to 2), RR =2.2 (90% CI = 0.8 to 5.4, 8 exposed cases) for [H4 and 1.0
(90% CI = 0.4 to 2.5, 7 exposed cases) for [Hg. and (3) high exposure (scores 3 to 9), RR
=3.0(90% CI=1.0to 8.7, 7 exposed cases) for IH4 and 2.1 (90% CI =1.1to 4.1, 17
exposed cases) for [Hg. Among subjects with low exposure to wood dust, elevated RRs
for squamous-cell nasal carcinoma were also observed: (1) any exposure, RR = 3.0 (90%
CI=1.3to0 6.4, 12 exposed cases) for IH and 1.9 (90% CI = 1.0 to 3.6, 19 exposed
cases) for [Hp; (2) high exposure, RR = 3.1 (90% CI = 0.9 to 10.0, 5 exposed cases) for
IH4 and 2.4 (90% CI = 1.1 to 5.1, 13 exposed cases) for [Hg. There were insufficient
numbers of cases of adenocarcinomas with low wood dust exposure to permit a separate
analysis of formaldehyde exposure, according to the authors.

3.5.1.3 Washington State: Vaughan et al. (1986a)

Study population. A population-based case-control study was conducted by Vaughan et
al. (1986a) to determine whether occupational exposure to formaldehyde in 13 counties
in Washington state was associated with sinonasal or pharyngeal cancer (see Sections
3.5.2 and 3.5.3 for results on the different types of pharyngeal cancer). Incident cases
were identified through a population-based cancer registry operated as part of the
Surveillance, Epidemiology and End Results (SEER) program of the National Cancer
Institute. Eligible cases were aged 20 to 74 years at enrollment, resided in the study area,
and were diagnosed during the period 1979 to 1983 for sinonasal cancer, and 1980 to
1983 for pharyngeal cancer. Controls from the study area were identified using random-
digit dialing and frequency-matched to cases by age and sex. Information about medical,
smoking, alcohol, residential, and occupational histories was either self-reported or
reported by next-of-kin (for deceased cases) in a telephone interview. Two hundred
eighty-five cases (285) (69% of eligible cases), including 53 sinonasal, 27
nasopharyngeal, and 205 oro- or hypopharyngeal cases, were included in the analysis;
half the case interviews were conducted with next-of-kin. Of 690 eligible controls, 552
(80%) were included in the analysis.

Exposure assessment. Occupational formaldehyde exposure was assessed using a job-
exposure linkage system in which each unique job is identified by the 3-digit U.S. Census
occupation and industry codes. Estimates of the likelihood and intensity of formaldehyde
exposure for each job were combined to create a 4-level summary exposure metric: (1)
high = probable exposure to high levels, (2) medium = probable exposure to low levels,
(3) low = possible exposure at any level, and (4) background = no occupational exposure.
Four estimates of exposure to formaldehyde were then calculated for each subject:
lifetime maximum exposure for any job, total lifetime duration of exposure, cumulative
exposure, and lagged (15 years) cumulative exposure. Cumulative exposure scores of 0 to
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20 were calculated based on the duration of exposure per job and weighted by the 4-level
exposure category for each job. Exposure assignments were made blinded to case status.

Statistical methods and results. Unconditional logistic regression was used to produce
ORs adjusted for sex, age, smoking, alcohol use, and race. Over 90% of sinonasal cancers
occurred among subjects with cumulative exposure scores less than 5 because most cases
were classified as being unexposed (0 years lifetime exposure) and having a lifetime
maximum exposure intensity level of “background.” Effect estimates were based on very
small numbers of exposed cases (12 cases exposed at any level, 3 cases exposed for at
least 10 years) and showed no increase in risk associated with formaldehyde exposure.
Analysis of cumulative exposure, lagged 15 years, resulted in only one case of sinonasal
cancer in the highest exposure category and did not produce interpretable estimates. The
authors noted some methodological limitations including low statistical power, non-
differential exposure misclassification, and bias due to recall error by next-of-kin. This
latter limitation was explored by examining data obtained from live cases only; live cases
reported a higher mean number of jobs than proxies, and most ORs increased in
magnitude when restricted to live cases only.

3.5.1.4 Connecticut: Roush et al. (1987)

Study population. From the Connecticut Tumor Registry, Roush et al. (1987) identified
198 cases of sinonasal cancer and 173 cases of nasopharyngeal cancer (see Section 3.5.2
for results on nasopharyngeal cancer) among male residents of Connecticut who had died
of any cause between 1935 and 1975. Controls (N = 605) were randomly selected without
stratification or matching from male residents who died during the same time period.

Exposure assessment. Occupational information including job title, industry, and year(s)
of employment was obtained from death certificates and from annual city directories; the
latter were examined for the years corresponding to 1, 10, 20, 25, 30, 40 and 50 years
before death (as long as the subject was > 20 years old at each assessment). An industrial
hygienist blinded to case/control status classified each reported job by probability and
level of exposure to formaldehyde, and subsequently categorized each subject into 4
exposure groups: (1) probably exposed to some level for most of working life, (2)
probably exposed to some level for most of working life and probably exposed to some
level at 20+ years prior to death, (3) probably exposed to some level for most of working
life and probably exposed to high level in some year, and (4) probably exposed to some
level for most of working life and probably exposed to high level at 20+ years prior to
death. This latter exposure category was intended to capture short-term high exposures
and account for the latency period necessary for sinonasal cancers to develop.

Statistical methods and results. Logistic regression was applied to estimate ORs and 95%
confidence intervals. Approximately 47% of sinonasal cancer cases had occupational
information for three or more jobs; 11% of sinonasal cancer cases were categorized into
exposure level 1 (N =21), 8% in level 2 (N = 16), 4.5% in level 3 (N =9), and 3.5% in
level 4 (N = 7). No association between occupational exposure to formaldehyde and
sinonasal cancers was observed for levels 1 to 3. The OR for men who were probably
exposed to some level for most of their working life and probably exposed to high levels
at some point 20 years or more before death (level 4) was 1.5 (95% CI = 0.6 to 3.9, 7

130 1/22/10



3.0 Human Cancer Studies Formaldehyde: RoC Background Document

exposed cases). [The ability to detect an effect was limited by the use of death certificates
and city directories for occupational information, potentially resulting in non-differential
exposure misclassification. ]

3.5.1.5 France: Luce et al. (1993)

Study population. Luce et al. (1993) reported on a case-control study of primary
sinonasal cancer in France. Cases of sinonasal cancers (N = 303) diagnosed between
January 1986 and February 1988 among male and female residents of France were
identified at 27 hospitals; 207 (67%) cases were enrolled in the study. All but one case
was histologically confirmed. Two control series were enrolled. A hospital-based control
series included patients with cancers other than sinonasal cancers diagnosed during the
same time period as cases at the same or nearby hospitals; of 340 eligible hospital
controls, 323 (95%) were enrolled and frequency matched by age and sex (case to control
ratio = 2:3). A population-based control series was selected from lists of friends and
family provided by cases; of 103 eligible convenience controls, 86 (84%) were enrolled
and matched to cases by sex, age (within 10 years), and residence.

Exposure assessment. Interviews were conducted by trained physicians to elicit
information on socio-demographic characteristics, smoking and alcohol intake, medical
history and nasal diseases, and occupational history. An additional questionnaire was
administered to assess occupational exposure to a pre-determined list of substances
including formaldehyde. Exposure assessment was performed by an industrial hygienist
blinded to case/control status and involved classifying each subject according to
probability of exposure based on information from the questionnaires. Jobs considered
exposed to formaldehyde were further classified by exposure frequency, concentration,
and cumulative exposure.

Statistical methods and results. Multivariate logistic regression was used to estimate ORs
and 95% confidence intervals and to evaluate confounding by occupational and non-
occupational factors. Odds ratios were stratified by histologic subtype (squamous-cell
carcinoma and adenocarcinoma) and sex (regression results were reported for 166 men
only), and adjusted by age and exposure to wood dust, glues, and adhesives. The two
control series were combined for analysis. [Eligible controls included participants with
cancers suspected to be associated with formaldehyde exposure, which might have
attenuated observed effect estimates.] The authors stated that among cases, 55% of males
and 25% of females were exposed to formaldehyde; among controls, 36% of males and
29% of females were exposed. (According to data presented in the Table 2 of the paper,
68% of male cases and 23% of female cases were exposed to formaldehyde.) Among
men, no association was found between possible exposure to formaldehyde and
squamous-cell carcinoma (OR = 0.96, 95% CI = 0.38 to 2.42, 7 cases). Analyses by
different exposure variables were based on 16 squamous-cell carcinoma cases in males
with probable or definite exposure and 81 controls. The proportion of subjects with at
least one probable or definite exposure was higher among exposed cases than among
exposed controls; however, regression results showed no relationship between any
formaldehyde exposure index and squamous-cell sinonasal cancers among males. In
contrast, ORs for adenocarcinoma-type sinonasal cancer increased with higher levels of
average and cumulative exposure, longer duration of exposure and earlier date of first
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exposure among men with probable or definite exposure to formaldehyde (N = 69 cases)
(see Table 3.4b). Statistically significant risk estimates were observed for the highest
exposure category of average exposure (OR =5.22, 95% CI = 1.28 to 22.20; 43 exposed
cases), cumulative exposure (OR = 6.91, 95% CI =1.69 to 28.23, 52 exposed cases) and
duration of exposure (OR = 6.86, 95% CI = 1.69 to 27.80, 57 exposed cases). The authors
also evaluated combined effects for formaldehyde and wood dust exposure. The ORs for
adenocarcinoma-type sinonasal cancers and any exposure to formaldehyde were 8.1

(95% CI=10.9 to 72.9, 4 exposed cases) among those unexposed to wood dust, 130 (95%
CI=14.2 1,191, 6 exposed cases for wood dust only), and 692 (95% CI =91.9 to 5,210,
71 exposed cases) among those jointly exposed to wood dust and formaldehyde. [The
association between formaldehyde and adenocarcinoma-type sinonasal cancers
independent of exposure to wood dust could not be estimated with any precision in this
study because the majority of subjects with probable or definite exposure to
formaldehyde were also exposed to wood dust (97% of subjects were jointly exposed).]
Among subjects with “other” histologies (7 esthesioneuromas, 3 sarcomas, 2 melanomas,
1 lymphoma, and 4 unspecified cases), a positive association was generally observed for
subjects with probable or definite exposure to formaldehyde. For the highest index
exposure levels of these other histologies, ORs ranged from 1.62 (exposure duration > 20
years) to 3.27 (date of first exposure > 1955); only the latter estimate was statistically
significant (95% CI = 1.15 to 9.33, 6 cases). The authors noted that adjustment by
smoking and re-analysis taking into account a 15-year induction period did not markedly
change the reported effect estimates.

3.5.1.6 Multi-country pooled analysis: Luce et al. (2002)

Study population. A pooled analysis (Luce ef al. 2002) combining 12 case-control studies
from seven countries was conducted to further evaluate the relationship between
sinonasal cancers and occupational exposure to formaldehyde. The studies were selected
on the basis of availability of information on histologic type, age, sex, smoking, and
occupational histories. They differed according to the source and vital status of cases and
controls as well as the method of interview. This analysis includes some of the studies
described in this section, including Luce ef al. (1993), Hayes et al. (1986) and Vaughan
et al. (1986a). In addition, the following studies were included in the pooled analysis:
Zheng et al. (1992), Bolm-Audorff et al. (1990), Comba et al. (1992a, 1992b), Magnani
et al. (1993), Merler et al. (1986), Hardell et al. (1982), Brinton et al. (1984, 1985), and
unpublished data by Mack and Preston-Martin. [These studies were excluded from the
present review based on one or more of very small numbers of cases, no estimate of
formaldehyde exposure, or sourcing from a non-peer-reviewed publication.] The study
population included 195 cases (169 men and 26 women) with sinonasal adenocarcinoma
cases, 432 (330 men and 102 women) sinonasal squamous-cell carcinoma and 3,136
controls (2,349 men and 787 women).

Exposure assessment. Exposures were independently assessed for each study by the
authors of the pooled analysis using a job-exposure matrix designed specifically for the
analysis, and industrial hygiene data were used to determine semi-quantitative exposure
indices (only 3 of the 12 studies had originally conducted exposure assessments for
formaldehyde).
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Statistical methods and results. Logistic regression was applied to estimate ORs adjusted
for age, study, and additional occupational factors that were found to be confounders
(smoking was not found to be a confounder). Only 11 cases exposed to formaldehyde
were estimated to have never been exposed to wood dust. Among men, the ORs for
adenocarcinoma sinonasal cancers by cumulative exposure to formaldehyde (adjusted for
wood dust exposure) were 0.7 (95% CI = 0.3 to 1.9, 6 pooled exposed cases) for low
exposure, 2.4 (95% CI = 1.3 to 4.5, 31 pooled exposed cases) for medium exposure, and
3.0 (95% CI = 1.5 to 5.7, 91 pooled exposed cases) for high exposure. The estimates for
squamous-cell sinonasal cancers were 1.2 (95% CI = 0.8 to 1.8, 43 pooled exposed
cases), 1.1 (95% CI = 0.8 to 1.6, 40 pooled exposed cases), and 1.2 (95% CI = 0.8 to 1.8,
30 pooled exposed cases), respectively. Effect estimates among women were generally
higher. To investigate the potential for residual confounding by wood dust, the authors
repeated the analyses for adenocarcinoma including only subjects who had never been
exposed to wood or leather dusts; effect estimates were reduced though still elevated (OR
for high cumulative exposure = 1.9, 95% CI = 0.5 to 6.7). The authors also evaluated
combined effects from exposure to wood dust and formaldehyde for adenocarcinoma.

The highest risks were found for those with high exposure to both agents; among
individuals with medium or high exposure to wood dust (OR = 7.7, 95% CI = 2.6 to 22.8
for medium exposure to formaldehyde and OR = 17.0, 95% CI = 6.3 to 45.6 for high
exposure to formaldehyde).

3.5.1.7 Germany: Pesch et al. (2008)

Study population. Pesch et al. (2008) conducted a case-control study of woodworkers
insured by a specific insurance company in Germany. Cases with a histologically
confirmed diagnosis of adenocarcinoma of the nasal cavity or paranasal sinuses were
identified from workers diagnosed with a recognized occupational disease between 1994
and 2003, and 86 cases (57 survivors and 29 next of kin) agreed to participate.
Frequency-matched controls (204, including 69 next of kin) were also employed in the
wood working industry and were chosen randomly from a database of cases with
accidents either on the way between the workplace and home or fall accidents during
their shift.

Exposure assessment. A semi-quantitative job-exposure matrix was constructed for each
subject based on occupational histories, job titles and types of materials used within the
woodworking industry, together with previously monitored wood dust exposure
measurements conducted within the industry to assess exposure to wood dust. Exposures
to wood preservatives, stains, and varnishes, and formaldehyde were categorized by
experts as none, low, medium, and high.

Statistical methods and results. Logistic regression conditional on age and adjusted for
smoking and other demographic variables was used to calculate odds ratios for low,
medium and high levels of average and cumulative exposures, duration of exposure, and
time since first exposure to select agents. Inhalable wood dust exposure was associated
with a highly significant increase in the risk of adenocarcinoma of the nasal cavity and
paranasal sinuses, but formaldehyde exposure (either pre- or post 1985) adjusted for
wood dust exposure was not associated with a significant increase in risk (ORs were less
than 1.0 and statistically nonsignificant). [The study was limited by the selection of cases
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of adenocarcinoma from among workers with occupational diseases and controls from
among workers with reported accidents, which might result in selection bias, as well as
by the small number of formaldehyde-exposed cases and possible residual confounding
due to wood dust exposure.]

3.5.2 Cancer of the nasopharynx

Section 3.5.2 reviewed case-control studies that examined the association between
formaldehyde and nasopharyngeal cancer. Three studies were conducted in Asia (West et
al. 1993, Armstrong et al. 2000, Hildesheim ez al. 2001), one in Europe ( Olsen et al.
1984, Olsen and Asnaes 1986), and three in the United States (Vaughan et al. 1986a,
Roush et al. 1987, Vaughan et al. 2000). Some of these studies were described previously
in Section 3.5.1 (Olsen ef al. 1984, Olsen and Asnaes 1986, Vaughan et al. 1986a, Roush
et al. 1987). A nested case-control study among embalmers was discussed in Section 3.3
(Hauptman et al. 2009) and a nested case-cohort study among Chinese textile workers
was discussed in Section 3.2 (Li et al. 2006).

3.5.2.1 Denmark: Olsen et al. 1984, Olsen and Asnaes 1986

Olsen et al. (1984) also evaluated the association between formaldehyde exposure in the
workplace and risk of nasopharyngeal carcinoma (N = 266 cases, 2,465 controls) in a
population-based case-control study in Denmark (see Section 3.5.1 for complete study
description). Among controls, 4.2% of men and 0.1% of women were considered exposed
to formaldehyde (percentage of cases exposed not reported). The RR for nasopharyngeal
carcinoma comparing those ever exposed vs. never exposed was 0.7 (95% CI=0.3 to 1.7,
number of exposed cases not reported) among men and 2.6 (95% CI = 0.3 to 21.9) among
women. Analysis of nasopharyngeal cancers (N = 293 cases) by histologic subtype did

not show any association with either formaldehyde or wood dust (Olsen and Asnaes
1986).

3.5.2.2 Washington state: Vaughan et al. (1986a)

The association between nasopharyngeal cancers (N = 27) and occupational
formaldehyde exposure was also examined by Vaughan et al. (1986a) in the population-
based case-control study in Washington state (see Section 3.5.1 for complete study
description and results on sinonasal cancers; see Section 3.5.3 for results on oro- and
hypopharyngeal cancer). Approximately 60% of nasopharyngeal cancers occurred among
subjects classified as unexposed; cumulative exposure scores less than 5 were estimated
for over 75% of cases. Adjusting for race and smoking, the ORs for nasopharyngeal
cancers for low and medium/high exposure were 1.2 (95% CI = 0.5 to 3.3, 7 exposed
cases) and 1.4 (95% CI = 0.4 to 4.7, 4 exposed cases), respectively, compared with
subjects with a background level maximum lifetime exposure (unexposed). Compared
with subjects with zero years of lifetime exposure, the ORs for 1 to 9 years duration were
1.2 (95% CI = 0.5 to 3.1, 8 exposed cases) and for 10+ years 1.6 (95% CI =0.4t0 5.8, 3
exposed cases). Cumulative exposure estimates were 0.9 (95% CI =0.2 to 3.23, 3
exposed cases) for scores 5 to 19 and 2.1 (95% CI = 0.6 to 7.8, 3 exposed cases) for
scores 20+ compared with scores less than 5. Cumulative exposure scores were also
analyzed excluding job histories within 15 years of the date of diagnosis to account for a
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cancer latency period. The OR for the 5 to 19 exposure score group was 1.7 (95% CI =
0.5 to 5.7, 4 exposed cases); the point estimate for the 20+ group did not change.

3.5.2.3 Connecticut: Roush et al. (1987)

Occupational exposure to formaldehyde and mortality from nasopharyngeal cancers
among men (N = 173) was also investigated by Roush et a/l. (1987) in their population-
based case-control study in Connecticut (see Section 3.5.1 for complete study
description). The OR for nasopharyngeal cancer mortality among men was 1.0 (95% CI =
0.6 to 1.7, 21 exposed cases) for level 1, 1.3 (95% CI = 0.7 to 2.4, 17 exposed cases) for
level 2, 1.4 (95% CI = 0.6 to 3.1, 9 exposed cases) for level 3, and 2.3 (95% CI =0.9 to
6.0, 7 exposed cases) for level 4 exposure category.

3.5.2.4 The Philippines: West et al. (1993)

Study population. West et al. (1993) investigated non-viral risk factors, including
occupational exposure to formaldehyde for nasopharyngeal cancers in the Philippines.
This hospital-based case-control study included 104 incident cases of histologically
confirmed nasopharyngeal cancers (100% participation rate, 73% male) recruited from
the Philippine General Hospital, and two control series: 104 hospital controls (100%
participation rate) matched to cases by sex, age, and hospital ward type (public vs.
private), and 101 community controls (77% participation rate) matched to cases by sex,
age, and neighborhood.

Exposure assessment. During interviews conducted with a trained nurse, information was
collected on socio-demographics, diet, smoking, occupational history, and use of herbal
medicines, betel nut, and anti-mosquito coils. Reported occupations were classified by an
industrial hygienist blinded to case/control status as likely or unlikely to involve exposure
to formaldehyde, solvents, wood dust and other dusts, and pesticides. This classification
was then combined with information from the complete occupational history to obtain for
each individual four estimates of exposure: (1) overall duration of exposure, (2) duration
excluding exposure in the 10 years preceding diagnosis (for cases) or interview (for
controls), (3) years since first exposure, and (4) age at first exposure.

Statistical methods and results. Conditional logistic regression was applied to estimate
ORs and 95% Cls. The authors reported that results of the occupational analyses were
similar for each control series and thus combined controls for analyses. Estimates of
association for formaldehyde and nasopharyngeal cancers were reduced toward the null
after adjusting for years since first exposure to dusts and/or exhaust fumes. Overall
duration of exposure was not clearly associated with nasopharyngeal cancers after
adjusting for exposure to dusts and/or exhaust; however, duration of exposure lagged by
10 years yielded an increased risk (RR = 2.1, 95% CI = 0.70 to 6.2, 8 exposed cases) for
subjects with at least 15 years exposure. Statistically significant effects were observed for
formaldehyde with 25+ years since first exposure (RR =2.9, 95% CI=1.1to 7.6, 14
cases) and among subjects who were < 25 years old at first exposure (RR =2.7, 95% CI
= 1.1 to 6.6, 16 cases), adjusted for years since first exposure to dusts and/or exhaust
(unlagged estimates). The RR for subjects jointly exposed to both formaldehyde (25+
years since first exposure) and dust/exhaust (35+ years since first exposure) compared

1/22/10 135



Formaldehyde: RoC Background Document 3.0 Human Cancer Studies

with subjects with neither exposure was 15.7 (95% CI = 2.7 to 91.2, number of exposed
subjects not reported). In further models, a statistically significantly increased risk of
nasopharyngeal cancers was also observed with increasing years since first exposure to
formaldehyde after adjusting for other confounding factors including education, exposure
to dust and exhaust, diet, smoking, and use of herbal medicines and anti-mosquito coils.
Compared with subjects never exposed to formaldehyde, the RRs were 1.2 (95% CI =
0.41 to 3.6, 12 exposed cases) for subjects first exposed less than 25 years before
diagnosis or interview, and 4.0 (95% CI = 1.3 to 12.3, 14 exposed cases) for subjects first
exposed 25 years or more ago.

3.5.2.5 Malaysia: Armstrong et al. (2000)

Study population. Histologically confirmed cases of nasopharyngeal cancers (all
squamous-cell carcinomas) diagnosed or treated in Kuala Lumpur and Selangor from
January 1987 to June 1992 were assembled for a case-control study of nasopharyngeal
cancers and work-site inhalation of dust and smoke particles, formaldehyde, and certain
aromatic hydrocarbons among Malaysian Chinese (Armstrong et al. 2000). Of 530
eligible cases who had lived in the study area for at least 5 years, 282 (53%) were
enrolled (31% female). Each case was matched by sex and age (within 3 years) to one
control with no history of head, neck, or respiratory system cancer; controls were selected
from the general population using a house-to-house multistage area sampling.

Exposure assessment. Data on residential history, occupational history, diet, and tobacco
and alcohol use were collected by trained interviewers during two in-home structured
interviews. Occupational history included information about job description, tasks,
workplace characteristics, use of industrial equipment and substances, and exposure to
dusts, smoke, gases, and chemicals at each job. Additional information about exposures
to industrial heat and 20 inhalants known to be deposited or absorbed in the nasopharynx
were collected by trade or profession, calendar time, frequency and duration. Jobs were
classified according to official Malaysian occupational codes, and exposure for each
occupational code was assigned by a study investigator blinded to case/control status and
familiar with Malaysian industry. Industries considered exposed to formaldehyde
included adhesives, foundries, latex processing, metalworking and welding, plywood
manufacturing, rubber tire manufacturing, sawmilling, shoe-making (glues), and textiles
(permanent press fabrics). Four categories of exposure to inhalants (never, low, medium,
high) were created based on job type, task, mode of exposure (inhalation and/or dermal),
interview data on exposure, years of exposure, frequency, and duration. To account for
latency, cumulative exposure was evaluated using 5 lag time periods: > 1, 5, 10, 15, and
20 years prior to diagnosis. Exposure intensity was also assessed by categorizing
participants according to cumulative years exposed. The authors presented air monitoring
data for formaldehyde levels within 10 industries (42 worksites) reported by participants
in this study. Samples were taken in 1991 to 1992 and showed that formaldehyde levels
exceeded the recommended limit (0.37 mg/m’) in the adhesives industry only, and the
range of levels for all other industries sampled was wide (mean 8-hour concentration =
0.16 to 0.35 mg/m’ [0.13 to 0.28 ppm]).

Statistical methods and results. For analysis, Armstrong ef al. examined exposure
dichotomously (ever/never) as well as by cumulative duration using conditional logistic
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regression. Approximately 10% of cases were considered exposed to formaldehyde
compared with 8.2% of controls. The unadjusted OR for ever/never formaldehyde
exposure and nasopharyngeal cancers was 1.24 (95% CI = 0.67 to 2.32, cases not
specified); the diet- and smoking-adjusted estimate was 0.71 (95% CI = 0.34 to 1.43).
The authors assessed dose-response in relation to a 10-fold increase in ratio of hours
exposed; no dose-response trend was observed with increasing duration of formaldehyde
exposure. No differences in effect estimates were observed in analyses by lag time or
intensity. The participation rate among diagnosed cases was low (53%); according to the
authors, the possibility of prevalence-incidence or other forms of selection bias could not
be excluded. [In addition, although some inhalants (wood dust, for example) were found
to be significantly associated with nasopharyngeal cancers in these data, these factors
were not evaluated as potential confounders when evaluating the relationship between
formaldehyde and the outcome. ]

3.5.2.6 United States — SEER: Vaughan et al. (2000)

Study population. To further investigate whether occupational exposures to formaldehyde
and wood dust increase the risk of nasopharyngeal cancers, Vaughan et al. (2000)
conducted a population-based (cancer registry) case-control study that identified 294
nasopharyngeal cancer cases (diagnosed between April 1987 and June 1993 among
persons 18 to 74 years of age) from five cancer registries (Connecticut, Detroit, [owa,
Utah, and Washington) in the National Cancer Institute’s SEER program. This study
focused on a subset of 196 interviewed cases (68% male) diagnosed with epithelial
carcinoma including epithelial not-otherwise-specified (N = 24), undifferentiated or non-
keratinizing (N = 54), and differentiated squamous-cell types (N = 118). Controls were
identified from the same geographic locations using random-digit dialing, and were
frequency matched to cases by age (within 5 years), sex, and cancer registry. Of 2,885
households contacted, 244 of 324 eligible controls were successfully enrolled and
interviewed.

Exposure assessment. Structured telephone interviews were conducted with study
participants or proxies (44 case and 3 control interviews by proxy) collecting information
on demographics, personal and family medical history, tobacco and alcohol use, and
lifetime history of occupational and chemical exposure; information since diagnosis for
cases or since ascertainment for controls was excluded. Information collected about
occupational history for any job held at least 6 months included job title, tasks, industry
type, calendar dates, and exposure to specific chemicals or other agents including wood
dust and formaldehyde. Participants were also asked specifically about any jobs held in
particular industries including furniture manufacturing, construction, foundry, and
smelting. Industrial hygienists blinded to case/control status used these data combined
with estimates from both published and unpublished literature to assess exposure to
formaldehyde for each unique reported job. Each job was assigned a probability of
formaldehyde exposure based on the percentage of workers with a similar job profile
expected to be exposed: definitely not or unlikely (< 10%), possible (10% to < 50%),
probable (50% to < 90%), and definite (> 90%). Using information about frequency
(days/year) and duration (hours/day), jobs with potential exposure were further classified
by the estimated concentration of exposure representing an 8-hour time-weighted average
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(8-h TWA): low (< 0.10 ppm), moderate (0.10 to < 0.50 ppm), and high (> 0.50 ppm).
Twenty-four (24) reported jobs (of 2,209 unique reported jobs) were considered to entail
exposure to formaldehyde; 19 were classified as definitely exposed (16 low-level and 3
moderate), 3 as probable (all low-level), and 2 as possible (1 low-level and 1 moderate).
Exposure to wood dust was assessed by identifying jobs in occupational or industry codes
considered exposed, and by using interview data of subjects self-reported as exposed to
wood dust; jobs were assigned total wood dust 8-h TWA estimates. Using results from
the exposure assessment, exposure to formaldehyde and wood dust were coded using the
following variables: ever exposed, maximum concentration exposed, duration exposed,
and cumulative exposure. Duration and cumulative exposure were further evaluated with
a 10-year lag.

Statistical methods and results. Multivariate logistic regression was used to estimate the
association between nasopharyngeal cancers and exposure to formaldehyde and wood
dust. Confounding and effect measure modification by age, sex, race, SEER site,
smoking, alcohol intake, education, and proxy status were evaluated. Forty-three percent
(43%) of cases were potentially exposed to formaldehyde, compared with 32% of
controls. The adjusted (age, sex, race, SEER site, smoking, education, and proxy status)
OR for nasopharyngeal cancers comparing ever occupationally exposed with unexposed
by histological subtype was 1.3 (95% CI = 0.8 to 2.1, 79 exposed cases) for all epithelial,
0.9 (95% CI =0.4 to 2.0, 18 exposed cases) for undifferentiated or non-keratinizing, 1.5
(95% CI = 0.8 to 2.7, 49 exposed cases) for differentiated squamous-cell, and 3.1 (95%
CI=1.0t0 9.6, 12 exposed cases) for epithelial not otherwise specified (NOS). No
consistent pattern of association or trend in risk was observed with maximum lifetime
exposure concentration. For lifetime duration of exposure and risk of nasopharyngeal
cancers, there was some evidence of an increased risk of nasopharyngeal cancers with
increasing lifetime duration of exposure among all subjects with any possibility of
exposure (Pyend = 0.014, 79 exposed cases); the OR for subjects who had worked at least
18 years in potentially exposed jobs was 2.7 (95% CI = 1.2 to 6.0, 25 exposed cases). A
trend was observed with increasing years of exposure (Pyend = 0.070); the adjusted OR
for subjects who had worked at least 18 years in potentially exposed jobs was 2.1 (95%
CI=1.0to 4.5, 29 exposed cases). This trend was stronger for differentiated squamous-
cell (Pyend = 0.033) and epithelial NOS (Pyend = 0.036) histologies than undifferentiated
or non-keratinizing types (Pyend = 0.820). The adjusted ORs for 61 cases of
nasopharyngeal cancers (excluding undifferentiated or non-keratinizing type) for
estimated probability of formaldehyde exposure were 1.6 (95% CI = 1.0 to 2.8, 61
exposed cases) for ever having a job classified as possibly, probably, or definitely
exposed, 2.1 (95% CI = 1.1 to 4.2, 27 exposed cases) for probably or definitely exposed,
and 13.3 (95% CI = 2.5 to 70.0, 10 exposed cases) for definitely exposed. Again, among
the group of cases excluding undifferentiated and non-keratinizing types, there was
evidence of an increased risk of nasopharyngeal cancers with increasing lifetime duration
of exposure among all subjects with any potential exposure (Piend = 0.014); the OR for
subjects who had worked at least 18 years in any potentially exposed jobs was 2.7 (95%
CI=1.2t0 6.0, 25 exposed cases). The risk of nasopharyngeal cancers also increased
with increasing cumulative exposure (Pyend = 0.033) among all potentially exposed
subjects. The OR for subjects in the highest category of cumulative exposure (> 1.10
ppm-years) was 3.0 (95% CI = 1.3 to 6.6, 24 exposed cases). The authors reported that
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estimates were similar when exposures were lagged by 10 years, and that adjustment by
exposure to wood dust did not affect results for exposure to formaldehyde. However,
some evidence of effect measure modification by smoking was observed; measures of
association as well as estimates of trend were generally stronger among current and
former smokers than non-smokers. [A strength of this study is its large sample size,
which improved the precision of the effect estimates and allowed for adjustment of the
effect estimates by a number of potentially confounding factors, after which a positive
association between formaldehyde exposure and nasopharyngeal cancers still remained. ]

3.5.2.7 Taiwan: Hildesheim et al. (2001)

Study population. Hildesheim et al. (2001) conducted a population-based case-control
study of nasopharyngeal cancers and occupational exposure to wood dusts,
formaldehyde, and solvents in Taipei, Taiwan. Incident cases of histologically confirmed
nasopharyngeal cancers diagnosed between July 1991 and December 1994 were
identified from two tertiary care hospitals in Taipei; eligible cases (N = 378) were
residents of Taipei city or county for at least six months, and were less than 75 years of
age. Ninety-nine percent (99%) of eligible cases (N = 375, 69% male) agreed to
participate. Over 90% of cases were diagnosed with non-keratinizing or undifferentiated
carcinomas and the remainder with squamous-cell carcinomas. Controls were identified
using a National Household Registration System and were individually matched to cases
(case to control ratio = 1:1) on age (within 5 years), sex, and area of residence. Eligible
controls (N = 376) lived in Taipei city or county for at least six months and had no
history of nasopharyngeal cancer; 87% (N = 327) agreed to participate.

Exposure assessment. Interviews administered to each participant by a trained nurse
collected information about occupational, medical, and residential histories,
demographics, diet, and smoking and alcohol use. Occupational histories were collected
for all jobs held for at least one year and included information on job title, industry,
duties/activities, and tools/materials used on the job. Exposure assessment was conducted
by an industrial hygienist blinded to case/control status; jobs were first classified into
Standard Industry Classification/Standard Occupational Classification codes, and then
each code was evaluated for probability and intensity of exposure to formaldehyde, wood
dusts, and solvents and assigned a score of 0 (unexposed) to 9; <4 was considered low,
and > 4 high. For each subject, this score plus information about duration were combined
to produce six estimates of exposure: (1) years of exposure, (2) average intensity, (3)
average probability, (4) cumulative exposure, (5) age at first exposure, and (6) years since
first exposure. Duration of exposure was also calculated excluding exposures occurring
within 10 years of diagnosis (for cases) or interview (for controls). Occupational data
were available for 100% of cases and over 99% of controls. Of the 2,034 jobs reported by
all 700 subjects, 156 (7.7%) were classified as exposed to formaldehyde; 74 cases and 41
controls were considered “ever” exposed. Some of the reported occupations considered
exposed to formaldehyde included farmers (N = 68), barbers, hairdressers, and
cosmetologists (N = 15), carpenters (N = 14), and health professionals (N = 13).

Statistical methods and results. Unconditional logistic regression was used to estimate
ORs (reported as risk ratios) for the association between formaldehyde exposure and
nasopharyngeal cancers. Exposure-response trends were assessed by entering exposure
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into the model as a continuous variable and testing the resulting [3-coefficient.
Stratification was used to examine effects by age, sex, Epstein-Barr virus (EBV)
seroprevalence (established as a risk factor for the development of nasopharyngeal
cancers), and histologic subtype. After adjustment by age, sex, education, and ethnicity,
the OR for subjects ever exposed to formaldehyde vs. never exposed was 1.4 (95% CI =
0.93 to 2.2, 74 exposed cases). Risk increased with increasing duration of exposure (Pirend
= 0.08 among all subjects and Pyeng = 0.09 among subjects not exposed to wood dust).
The observed trend was lower when a 10-year exposure lag was applied. Risks also
increased with increasing cumulative exposure (Pgend = 0.10 among all subjects).
Increased risks were observed among subjects with high average intensity or high
probability of exposure compared with low exposure intensity or probability. No clear
pattern of risk was observed in analyses by age at first exposure or years since first
exposure. The authors noted that estimates were unaffected by adjustment for wood dust
or solvent exposure. The OR estimating the joint effect of formaldehyde and wood dust
was 1.8 (95% CI not reported). Among subjects who were seropositive for EBV, the
adjusted OR for ever exposure to formaldehyde exposure was higher than among
nonseropositive individuals (RR = 2.7, 95% CI = 1.2 to 5.9, number of exposed cases not
specified, but 360 of the total of 375 nasopharyngeal cancer cases were EBV positive).
Results of stratified analysis suggested that the effect of formaldehyde exposure was the
same across age ranges and histologic subtype (excluding squamous-cell type because
sample size was too small for meaningful analysis).

3.5.3 Other head and neck cancers

Section 3.5.3 reviews case-control studies that examined the association between
formaldehyde and head and neck cancer at sites including the oro- and/or hypopharynx
(OHPC) (Vaughan et al. 1986a, Laforest et al. 2000, Berrino et al. 2003), the whole
pharynx combined and oral cavity (Gustavsson et al.1998), oral cavity and oropharynx
combined (Merletti ef al. 1991), salivary glands (Wilson ef al. 2004), and larynx
(Wortley et al. 1992, Gustavsson et al. 1998, Laforest et al. 2000, Berrino et al. 2003,
Elci et al. 2003, Shangina et al. 2006, Elci and Akpinar-Elci 2009). Pharyngeal
carcinomas can include nasopharyngeal (see Section 3.5.2), oropharyngeal, and
hypopharyngeal carcinomas. Six studies were conducted in Europe (Merletti ez al. 1991,
Gustavsson et al. 1998, Laforest et al. 2000, Berrino et al. 2003, Elci et al. 2003,
Shangina et al. 2006, Elci and Akpinar-Elci 2009) and three in the United States
(Vaughan et al. 1986a, Wortley et al. 1992, Wilson et al. 2004). Most studies evaluated
more than one type of cancer. Details on the study methodology for one study was
described in Section 3.5.1 (Vaughan ef al. 1986a). A nested case-cohort study of upper
respiratory cancer among formaldehyde-exposed workers at sawmills and manufacturers
of particleboard, plywood, furniture, or glue was discussed in Section 3.2 (Partanen et al.
1990), and a cancer registry study of the oral cavity, tongue, and pharynx was discussed
in Section 3.4 (Tarvainen et al. 2008). In this section, studies are organized by tumor site.

3.5.3.1 Various head and neck cancers: Sweden, Gustavsson et al. (1998)

Study population. Occupational risk factors for squamous-cell carcinoma of the upper
gastrointestinal tract among men 40 to 70 years of age were investigated in an incident
case-control study in Sweden (Gustavsson et al. 1998). From weekly health-care facility
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reports and regional cancer registries, 605 cases of head and neck squamous-cell
carcinoma were identified between 1988 and 1991. Ninety percent (90%) of cases (N =
545) were enrolled: 138 with pharyngeal cancer, 128 with oral cancer, 122 with
esophageal cancer, and 157 with laryngeal cancer. Controls (N = 756) were selected from
the same study base by stratified random sampling from population registries; 641 (85%)
eligible controls were enrolled and frequency matched to cases by region and age.

Exposure assessment. Subjects were interviewed by one of two trained nurses about
lifestyle and environmental factors including oral hygiene, smoking, alcohol and snuff
use, and occupational history. Questions about occupational history covered all jobs ever
held for more than one year and included information about title, task, duration, industry,
and potential exposures. An industrial hygienist blinded to case/control status coded each
job according to the Swedish standard occupational classifications and then further
classified each occupation by probability and intensity of exposure to 17 specific agents
including formaldehyde (9.4% of controls were exposed to formaldehyde). For
formaldehyde, three primary measures of exposure were estimated: ever/never exposed,
duration of exposure, and cumulative exposure.

Statistical methods and results. Unconditional logistic regression was used to estimate
ORs and 95% ClIs. Formaldehyde effect estimates were adjusted for region, age, alcohol,
and smoking. Elevated estimates were observed for most cancer sites, though no
estimates achieved statistical significance. For cancers in all sites combined, the adjusted
OR comparing subjects ever exposed to formaldehyde with those unexposed was 1.42
(95% CI=0.94 to 2.15, 69 exposed cases). Adjusted odds ratios for individual sites were
as follows: 1.01 (95% CI =0.49 to 2.07, 13 exposed cases) for pharyngeal cancer, 1.45
(95% CI =0.83 to 2.51, 23 exposed cases) for laryngeal cancer, 1.90 (95% CI = 0.99 to
3.63, 19 exposed cases) for esophageal cancer, and 1.28 (95% CI = 0.64 to 2.54, 14
exposed cases) for cancers of the oral cavity. The authors reported that no dose-response
trend based on cumulative exposure or duration exposed was observed for any cancer site
(data not presented). [It is not clear whether other occupational exposures were
considered as confounders; reported effect estimates were not adjusted for other known
occupational exposures. ]

3.5.3.2 Salivary glands: United States, Wilson et al. (2004)

Study population. Wilson et al. (2004) reported on a case-control investigation of
occupational risk factors for salivary gland cancer mortality using mortality records
collected between 1984 and 1989 in 24 U.S. states. In this analysis, 2,505 cases aged 20
years or older whose death certificate listed cancer of the salivary gland as the underlying
cause of death (60% men, 7% black) were included. Controls (N = 9,420) were randomly
selected from all deaths unrelated to infectious disease and frequency matched by age
(within 5 years), race, sex, and region (case to control ratio = 1:4).

Exposure assessment. Usual occupation and industry was obtained from death certificates
for 95% of white and 87% of black men, and for 45% of white and 31% of black women.
Jobs were coded according to the 1980 U.S. Census occupational classification scheme
and entered into a job-exposure matrix developed by the study industrial hygienist to
estimate the probability and intensity of exposure to several occupational substances
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including formaldehyde. Subjects whose occupation was recorded as homemaker or
retired were excluded from the job-exposure matrix.

Statistical methods and results. Multiple logistic regression was used to calculate ORs
adjusted for age, marital status, and socioeconomic status based on occupation. A
statistically significant exposure-response trend was observed for formaldehyde exposure
probability combined with intensity among white men (£ < 0.001) but not women.
Compared with unexposed subjects, the adjusted OR for white men with a mid-high
probability/low intensity of exposure was 2.4 (95% CI = 0.86 to 6.75, 6 exposed cases),
and 1.6 (1.30 to 2.00, 31 exposed cases) for mid-high probability/mid-high intensity. No
statistically significant ORs were observed for formaldehyde exposure and salivary gland
cancer among black subjects, though elevated ORs were observed among black women.

3.5.3.3 Oral cavity and oropharynx: Italy, Merletti et al. (1991)

Study population. All incident cases of oral (N = 74) and oropharyngeal carcinoma (N =
12) diagnosed from July 1982 to December 1984 among male residents of Turin, Italy
were assembled for a population-based case-control study to investigate whether
occupational factors have an etiologic role in these cancers (Merletti ef al. 1991). Of 103
eligible cases, 86 (83%) agreed to participate. Of 689 eligible controls selected from a
stratified random sample of male Turin residents by age, 373 (55%) were enrolled.

Exposure assessment. Detailed occupational histories as well as history of smoking,
alcohol intake, and diet were obtained from standardized questionnaires conducted by
non-blinded, trained interviewers. For each job held since 1945 for at least six months,
subjects reported job title, activity of the plant, and type of production. The 1,150
reported jobs were classified by two industrial hygienists blinded to case status into 771
unique categories based on the International Standard Classification of Occupations of
the International Labor Office and the International Standard Industrial Classification. A
job-exposure matrix constructed by IARC for a study of laryngeal cancer was applied to
estimate the probability and intensity of exposure to 16 occupational substances including
formaldehyde and non-specific exposures (e.g., dust).

Results. Odds ratios for oral and oropharyngeal carcinoma combined were estimated

using unconditional logistic regression adjusting for age, education, birthplace, smoking,
and alcohol consumption. Compared with subjects whose occupational exposure to
formaldehyde did not exceed that of the general population, the adjusted OR for subjects
with any excess exposure was 1.6 (95% CI = 0.9 to 2.8, 25 exposed cases) and the OR for
subjects with probable or definite exposure was 1.8 (95% CI = 0.6 to 5.5, 6 exposed
cases). The authors reported that inconsistent relationships were observed for duration of
exposure to formaldehyde, though effect estimates ranged from 1.4 to 2.1 (95% ClIs not
reported). Separate results for oropharyngeal cancer (N = 12 cases) were not presented.

3.5.3.4 Oro- and hypopharynx: Washington State, Vaughan et al. (1986a)

The association between oro- and hypopharyngeal cancer (OHPC) (N = 205) and
occupational formaldehyde exposure was also examined by Vaughan et al. (1986a) in the
population-based case-control study (552 controls) in Washington state (see Section 3.5.1
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for complete study description and results on sinonasal cancers; see Section 3.5.2 for
results on nasopharyngeal cancers). Approximately 72% of OHPC cases occurred among
subjects classified as unexposed. Odds ratios adjusted for age, sex, smoking, and alcohol
showed no association between maximum lifetime exposure to formaldehyde and OHPC.
Effect estimates for total number of years exposed and cumulative exposure scores
showed a modestly increased risk only for the longest exposure period or highest
cumulative exposure categories: OR = 1.3 (95% CI = 0.7 to 2.5, 26 exposed cases) for >
10 years exposure, and OR = 1.5 (95% CI = 0.7 to 3.0, 21 exposed cases) for a
cumulative exposure score of > 20. These estimates were higher when the analysis
excluded occupational data obtained from proxy interviews.

3.5.3.5 Hypopharynx and larynx: France, Laforest et al. (2000)

Study population. A hospital-based case-control study was conducted in France to assess
possible associations between occupational exposures including formaldehyde and
histologically confirmed squamous-cell carcinomas of the hypopharynx and larynx
among men (Laforest et al. 2000). Cases were diagnosed at one of 15 French hospitals
between January 1989 and April 1991. Of 664 eligible living cases, 201 cases of
hypopharyngeal cancer and 296 cases of laryngeal cancer were included. Controls were
identified from the same medical catchment area as cases and were frequency matched to
cases by age and hospital. Controls were diagnosed between 1987 and 1991 with primary
cancers at other sites including colon/rectum, liver/gall bladder, pancreas, hematopoietic
system, bones/cartilage, skin, soft tissue, prostate/testis, bladder/urinary organs,
brain/nervous system, thyroid, and stomach. Of 355 eligible living controls, 296 (83%)
were enrolled.

Exposure assessment. Trained occupational physicians, who were not blinded to case
status, conducted interviews with subjects to collect information about demographic
characteristics, smoking and alcohol consumption, and lifetime occupational history. Jobs
were first coded by occupation and industry, and then occupational exposure to
formaldehyde and other agents and were evaluated using a job-exposure matrix. The
matrix estimated the probability and intensity of exposure for each job as well as lifetime
duration for each subject; subjects with an estimated probability of exposure to
formaldehyde less than 1% were considered unexposed. Three summary exposure indices
were constructed: maximum probability of exposure (3 levels), total duration of
exposure, and cumulative level of exposure (< 0.25 ppm, 0.25 to 1.00 ppm, > 1.00 ppm).

Statistical methods and results. Multivariate unconditional logistic regression was used to
estimate ORs and 95% Cls adjusting for age, alcohol, and smoking. Other occupational
exposures as well as education were considered as potential confounders. Subjects who
were missing data on alcohol use or reported being non-drinkers (N = 33) were excluded
from analysis. Further analyses were conducted excluding subjects with probability of
exposure less than 10%, and excluding the 5, 10, and 15 years of exposure immediately
preceding diagnosis to allow for a possible induction period. The adjusted (age, alcohol,
smoking, and exposure to coal dust and asbestos) OR for hypopharyngeal cancers for
men ever exposed to formaldehyde was 1.35 (95% CI = 0.86 to 2.14, 83 exposed cases).
This estimate was 1.74 (95% CI = 0.91 to 3.34, 41 exposed cases) after excluding
subjects with less than 10% probability of exposure. The OR comparing subjects with the
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highest probability of exposure (> 50% probability) to those unexposed was 3.78 (95%
CI =1.50to 9.49, 26 exposed cases); increasing probability of exposure was significantly
associated with increasing risk of hypopharyngeal cancers (Pyend < 0.005). Excluding
subjects with probability of exposure less than 10%, the OR for subjects with the highest
duration of exposure (> 20 years) was 2.70 (95% CI = 1.08 to 6.73, 16 exposed subjects).
The corresponding OR for subjects with the highest cumulative level of exposure was
1.92 (95% CI = 0.86 to 4.32, 25 exposed subjects). Evidence of a trend of increasing ORs
for hypopharyngeal cancers with increasing duration (Pyenq < 0.04) and cumulative level
of exposure (Pyend < 0.14) to formaldehyde was observed.

Compared with unexposed subjects, the OR for laryngeal cancer among men ever
exposed to formaldehyde was 1.14 (95% CI = 0.76 to 1.70, 102 exposed cases) after
adjustment for age, alcohol, smoking, and exposure to coal dust and asbestos. This
estimate did not change markedly after excluding subjects with probability of exposure
less than 10%. The authors noted that no indication of an exposure-response trend was
observed for any exposure index (data not presented). Among heavy drinkers (at least 5
glasses per day), the OR for laryngeal cancer associated with ever being exposed to
formaldehyde was 1.68 (95% CI = 0.97 to 2.89, number of cases not specified). (No OR
was reported for the association between alcohol consumption and laryngeal cancer
independent of formaldehyde exposure.) Elevated but statistically nonsignificant
associations were observed when cases were further stratified into laryngeal sub-sites.
The authors noted that introducing an induction time did not substantially change the
results for either hypopharyngeal cancer or laryngeal cancer (data not presented).
[Controls included subjects with primary cancers at sites that have suspected associations
with formaldehyde exposure (e.g., lymphohematopoietic malignancies). Such inclusion
could have biased the observed effect estimates toward the null.]

3.5.3.6 Hypopharynx and larynx: Europe, Berrino et al. (2003)

Study population. Berrino et al. (2003) used occupational data obtained from a previously
conducted case-control study by IARC of hypopharyngeal cancer and laryngeal

carcinoma to investigate the association between occupational exposure to formaldehyde
and cancer at these two sites. Cases of non-in situ cancer of the hypopharynx (N = 100)
and larynx (N = 213) were identified between 1979 and 1982 at six centers in four
southern European countries (France, Italy, Spain, and Switzerland). An age-stratified
random sample of controls (N = 819) was selected by each center.

Exposure assessment. Occupational histories and information on diet, alcohol, and
smoking were collected by interview in the hospital for cases and at home for controls.
Some interviews were conducted with next of kin (details not provided). The
occupational history questionnaire covered each job held at least one year after 1944 and
collected information about title, task, industry, calendar time of employment, and
potential exposure. A panel of occupational physicians, industrial hygienists, and
chemical engineers blinded to case status assessed the probability of exposure for each
job to 16 industrial chemicals including formaldehyde. A job-exposure matrix was then
created to estimate intensity and probability of exposure for each job as well as a
cumulative exposure index for each subject. Independent validations of the exposure
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classification used in this analysis found that 14% of jobs classified by the job-exposure
matrix as unexposed were considered to be definitely exposed, however.

Statistical methods and results. Odds ratios and 95% confidence intervals were estimated
using unconditional logistic regression and adjusted for study center, age, smoking,
alcohol, socioeconomic status, diet, and other occupational exposures. Results for
formaldehyde were presented from analyses restricted to subjects less than 55 years of
age in order to better estimate lifetime exposures, since occupational histories were only
collected since 1945 (123 exposed cases and 196 exposed controls for hypopharyngeal
and laryngeal carcinomas combined). No association between the probability of exposure
to formaldehyde and hypopharyngeal/laryngeal cancer or in cancers originating from the
endolarynx or hypopharynx was observed. Individuals with 10 to 19 years of exposure
had an increased risk of hypopharyngeal/laryngeal cancer (OR for 10 to 19 years = 2.2,
95% CI = 1.2 to 4.2, number of exposed cases not reported), though a clear exposure-
response trend was not evident.

3.5.3.7 Larynx: Washington state, Wortley et al. (1992)

Study population. Incident cases of laryngeal cancer identified by a population-based
cancer registry in Seattle, Washington and diagnosed between September 1983 and
February 1987 among residents of three large counties in western Washington state aged
20 to 70 years were included in a population-based case-control study of occupational
risk factors for laryngeal cancer (Wortley et al. 1992). Of 291 eligible cases, 235 (81%)
participated in the study (79% males). Controls were identified by random-digit dialing
and frequency matched to cases by age and sex; the participation rate among eligible
controls was 8%, yielding 547 controls (65% males).

Exposure assessment. In-person interviews were conducted (7% of case interviews with
next-of-kin) to obtain information about lifetime occupational history, smoking, and
alcohol intake. Occupational questions related to job titles, tasks, and industry for each
job held at least six months; job title and industry were then coded according to the 1980
U.S. Census occupational codes. Exposure to six agents including formaldehyde was
assessed in greater detail by a panel of four industrial hygienists who constructed a job-
exposure matrix for each agent; jobs were then classified into four levels of exposure
based on probability and intensity of exposure.

Statistical methods and results. Multivariate logistic regression was applied and a latency
effect was considered by excluding all exposures within 10 years of case diagnosis or
control selection. Fifty-eight cases (25%) and 124 controls (23%) were considered ever
exposed to formaldehyde. No statistically significant effect estimates were observed
between laryngeal cancer and exposure to formaldehyde estimated by peak exposure or
duration of exposure, adjusted for age, smoking, alcohol, and education. When low-level
exposures were excluded, the OR among workers with medium or high exposure for at
least 10 years duration compared with unexposed workers was 4.2 (95% CI =0.9 to 19.4,
number of. exposed cases not reported); the corresponding OR among workers with high
exposure was 4.3 (95% CI = 1.0 to 18.7). The authors noted that these estimates
increased slightly when the 10-year exposure lag was applied to account for a latency
period (data not presented).
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3.5.3.8 Larynx: Turkey, Elci et al. (2003) and Elci and Akpinar-Elci (2009)

Study population. A hospital-based incident case-control study was conducted to
investigate occupational risk factors for laryngeal cancer among men in Turkey (andElci
et al. 2003, Elci and Akpinar-Elci 2009). The original case group included 951 confirmed
cases of laryngeal cancer among men presenting at an oncology treatment center at a
hospital in Istanbul between 1979 and 1984. Controls (N = 1,519) were selected from
hospital patients with other cancers thought not to share similar etiologic factors with
laryngeal cancer (including Hodgkin’s lymphoma, soft tissue sarcoma, and testicular
cancer) and non-cancer diagnoses. [The use of subjects with other cancers might bias the
findings towards the null if formaldehyde exposure is a risk factor for those cancers.]

Exposure assessment. Upon admission to the hospital, all patients responded to a
questionnaire about occupational history, and tobacco and alcohol use; questionnaire data
was complete for 99% of cases and all controls. A job-exposure matrix was constructed
by an industrial hygienist blinded to case/control status and used to estimate for each
reported occupation and industry the probability and intensity of exposure to five
occupational substances, including formaldehyde.

Statistical methods and results. In the 2003 study, unconditional logistic regression was
applied to estimate ORs adjusted by age, smoking, and alcohol use. The OR for laryngeal
cancer among men considered ever exposed to formaldehyde was 1.0 (95% CI = 0.8 to
1.3, 89 exposed cases). No association by either intensity or probability of exposure to
formaldehyde and laryngeal cancer was observed: ORs were 1.1 (95% CI =0.8 to 1.5, 82
exposed cases) for low-intensity of exposure, 0.5 (95% CI = 0.2 to 1.3, 6 exposed cases)
for medium intensity, and 0.7 (95% CI = 0.1 to 7.1, 1 exposed case) for high intensity,
and from 1.0 (95% CI = 0.7 to 1.4, 72 exposed cases), 1.1 (95% CI=0.6to 2.2, 16
exposed cases) to 1.0 (95% CI=0.1 to 11.2, 1 exposed case) for low, medium and high
probability of exposure, respectively.

A subsequent analysis of never-smoking and never-drinking cases (N =189) and controls
(N=536) from the population described by Elci et al. (2003) was conducted (Elci and
Akpinar-Elci 2009). A statistically nonsignificant increase in laryngeal cancer was
observed among formaldehyde-exposed cases (OR = 1.2, 95% CI = 0.7 to 2.0; 27
exposed cases), consisting primarily of an increase in the risk of glottal cancers (OR =
1.6, 95% CI = 0.7 to 3.7, 6 exposed cases).

3.5.3.9 Larynx: Shangina et al. (2006)

Study population. A multi-center case-control study of laryngeal and hypopharyngeal
cancers was conducted using all incident cases diagnosed between 1999 and 2002 among
men and women 15 to 79 years of age and identified in study centers in four central and
Eastern European countries. Hospital-based controls, recruited within 6 months of the
recruitment period for cases, were frequency matched to cases by age and excluded
diagnoses of cancer or diseases associated with tobacco or alcohol. Thirty-four men with
hypopharyngeal cancer and 316 men with laryngeal cancer and 728 male controls were
included in the analysis (there were insufficient cases among women to warrant analysis).
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Exposure assessment. Occupational histories and demographic and lifestyle data were
obtained by personal interview. Job-exposure matrices were constructed for selected
occupations or industries by industrial hygienists. Exposures were classified by intensity,
frequency, and probability.

Statistical methods and results. Unconditional logistic regression analysis was used to
analyze associations with 73 occupational agents (ever vs. never exposed, duration and
cumulative exposure). Linear trends were calculated by fitting categorical variables as
continuous variables in the models. Risk estimates were adjusted for age, smoking, and
lifetime alcohol consumption. Exposure to formaldehyde was associated with a
statistically nonsignificant increase in laryngeal cancer (OR = 1.68, 95% CI = 0.85 to
3.31, 18 cases); the OR increased with duration of exposure (P = 0.06) and cumulative
exposure (P = 0.07). The OR for the highest level of cumulative exposure (> 22,700
mg/m’-hours) was 3.12 (95% CI = 1.23 to 7.91, number of cases not reported). There
were less than ten cases of hypopharyngeal cancer associated with formaldehyde
exposure and no risk estimates were presented.

3.5.4 Lung cancer

Section 3.5.4 reviews case-control studies that examined the association between
formaldehyde and lung cancer. These studies were conducted in Denmark (Jensen and
Anderson (1982), the United Kingdom (Coggon et al. 1984), Canada (Gérin et al. 1989),
the United States (Brownson et al. 1993), and Uruguay (De Stefani et al. 2005). Four
nested case-control studies of respiratory cancer were described in Sections 3.2.4
(Chiazze et al. 1997, Marsh et al. 2001), 3.2.5 (Partanen et al. 1990), 3.2.6 (Andjelkovich
et al. 1994) and 3.2.7 (Bond ef al. 1986). Note that Coggon ef al. (1984) included cancer
of the trachea in their analysis of respiratory cancers.

3.5.4.1 Denmark: Jensen and Anderson (1982)

Jensen and Andersen (1982) reported on a small case-control series of 84 lung cancers
(79 male, 5 female) among Danish physicians, identified from the Danish Cancer
Registry between 1943 and 1976 and 252 physician controls matched on age, sex, and
survival (no details on the selection of controls or cases was given). No association with
potential sources of formaldehyde exposure were reported. 8 cases and 23 controls had
ever worked in anatomy, pathology, or forensic medicine (RR = 1.0, 95% CI = 0.4 to
2.4).

3.5.4.2 United Kingdom: Coggon et al. (1984)

Study population. Coggon et al. (1984) conducted a population-based case-control study
using death certificates to obtain information about the occupations of all males under the
age of 40 years who died in England or Wales between 1975 and 1979 of epithelial
cancers of the lung, trachea, or bladder (see Section 3.5.7 for results on bladder cancer).
Cases of lung and tracheal carcinoma were combined and considered cancer of the
bronchus (N = 598). Controls (N = 1,180) that had died from any other cause during the
same time period were individually matched to each case by sex, year of death (within 5
years), year of birth, and residential district. Of 598 cases, 582 (97%) were matched with
two controls; the remaining cases were matched with one control.
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Exposure assessment. Occupations noted on the death certificates were coded using the
1970 Office of Population Census and Surveys Classification of Occupations scheme and
entered into a job-exposure matrix by a trained occupational hygienist. Using this matrix,
each of the 233 uniquely classified occupations was then assigned an exposure score
(high/low/none) to nine known or suspected carcinogens, including formaldehyde.
Among workers with carcinoma of the bronchus, 296 cases (50%) were considered
exposed to formaldehyde; 472 controls (40%) were considered exposed.

Statistical methods and results. Matched tabular analysis was used to calculate estimates
of the association between each carcinogen and carcinoma of the bronchus. For all
exposed occupations, the OR for formaldehyde was 1.5 (95% CI = 1.2 to 1.8, 296
exposed cases, P < 0.01). Among occupations considered to have high exposure to
formaldehyde, the OR was 0.9 (95% CI = 0.6 to 1.4, 44 exposed cases). [The ability to
detect an effect in this study was limited by (1) the use of death certificates for
occupational information, thus limiting the construction of a complete job-exposure
matrix and resulting in potential non-differential exposure misclassification, (2) matching
by pay class, which is likely to be correlated with occupation, and (3) insufficient capture
of long-term exposures and insufficient follow-up to account for the relevant latency
period of lung cancer, since subjects in this study had died before 40 years of age.]

3.5.4.3 Canada: Gérin et al. (1989)

Study population. Gérin et al. (1989) investigated the association between exposure to
formaldehyde and subsequent risk of cancer at 14 primary sites of interest among males
aged 35 to 70 years, using data from a large multi-site case-control study in Montreal,
Canada of occupational exposures and cancer. Histologically confirmed primary incident
cases of cancer (N = 4,510) diagnosed between September 1979 and December 1985
were ascertained from all hospitals in the Montreal area. This analysis included 857 cases
of lung cancer (see Section 3.6.5 for results on lymphohematopoietic malignancies, and
3.6.6 for results on other cancer sites). Sub-types of lung cancer were also examined
including oat-cell (N = 159) and squamous-cell cancers (N = 359), adenocarcinomas (N =
162), and other histologic sub-types (N = 177). For each case series, a cancer control
group was selected from the case series that included patients with tumors at any other
site (some exceptions noted). In addition to the internal cancer control series, 740
population-based controls frequency matched by age were selected from electoral lists;
533 (72%) agreed to participate.

Exposure assessment. Trained interviewers collected information from each patient or
next-of-kin on demographic characteristics, medical history, diet, and a complete
occupational history including a semi-structured probing section designed to elicit
detailed descriptions of each job ever held in a working lifetime. Jobs were coded
according to standard Canadian classifications and then further classified by a team of
chemists and hygienists by probability, frequency, and concentration of exposure to 300
occupational exposures including formaldehyde. Of 4,259 interviewed subjects, 971
(23%) subjects ever held at least one job classified as exposed to formaldehyde.

Statistical methods and results. Odds ratios and 95% Cls were estimated using logistic
regression. Both occupational and non-occupational factors were evaluated as potential
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confounders using change-in-estimate methods whereby any factor that changes the
estimate of formaldehyde for the cancer site of interest by more than 10% is considered a
confounder. Models were further adjusted by five a priori variables including age,
ethnicity, income, smoking, and “dirtiness” (a semi-quantitative measure constructed by
the study chemists) of the jobs held. The OR for all lung cancer and any formaldehyde
exposure was 0.8 (95% CI = 0.6 to 1.0, 180 exposed cases) using the cancer control
series. Results using the population control series were not markedly different. [Some
controls had types of cancer potentially associated with formaldehyde; inclusion of these
controls could potentially attenuate true effects.] The OR for the highest exposure
category (i.e., greater than 10-years duration of exposure at high concentrations) was 1.5
(95% CI = 0.8 to 2.8, 24 exposed cases). In the analysis by histologic subtype, the largest
estimates in magnitude were observed for adenocarcinomas: the OR for subjects
classified into the highest exposure category was 2.3 (95% CI = 0.9 to 6.0, 7 exposed
cases) using the cancer control series.

3.5.4.4 Missouri: Brownson et al. (1993)

Study population. Brownson et al. (1993) conducted a population-based case-control
study to investigate occupational risk factors for incident lung cancer among non-
smoking women. Eligible cases included cases of primary lung cancer (N = 429)
identified by the Missouri Cancer Registry and diagnosed between 1986 and 1991 among
white women aged 30 to 84 years who were Missouri residents and either lifetime non-
smokers or ex-smokers who had stopped smoking at least 15 years prior to diagnosis or
had smoked less than one pack-year. Controls (N = 1,021) were selected from state
driver’s license files (for women less than 65 years of age) and from Medicare recipient
rosters (for women aged 65 or older); controls were frequency matched by age (case to
control ratio = 1:2).

Exposure assessment. In-person occupational history interviews were conducted with 429
cases (66% of eligible cases; 58% case interviews with next-of-kin) and 1,021 controls
(67% of eligible controls) to obtain information about job titles, calendar duration of
employment, and exposure to specific substances.

Statistical methods and results. Odds ratios were estimated using multivariate logistic
regression. All subjects who reported exposure to formaldehyde were also lifetime non-
smokers. The OR for lung cancer among all subjects ever exposed to formaldehyde was
0.9 (95% CI = 0.2 to 3.3, 3 exposed cases), adjusted for age and history of previous lung
disease.

3.5.4.5 Uruguay: De Stefani et al. 2005

Study population. De Stefani et al. (2005) conducted a hospital-based case-control study
of 338 incident cases of lung adenocarcinoma, identified among men in four hospitals
between 1994 and 2000, in relation to occupations and occupational exposures. Hospital
control subjects (N = 1,014) were frequency matched to cases on age, residence, and
urban/rural status; patients with tobacco-related diseases or recent changes in diet were
excluded.
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Exposure assessment. Occupational histories, based on job titles and self-reported
exposures to known or suspected occupational agents, plus demographic data, lifestyle
and medical variables, were ascertained by in-person administration of a standardized
questionnaire.

Statistical methods and results. Unconditional logistic regression analysis was used to
calculate odds ratios for employment in selected occupations (for which at least 15 cases
or controls reported employment) and selected exposures. Analyses were stratified by
duration of employment (1 to 20 and > 20 years) and smoking. Ever exposure to
formaldehyde was associated with a statistically significant increase in lung
adenocarcinoma (OR = 1.7, 95% CI = 1.1 to 2.8, 32 cases, adjusted for age, residence,
urban/rural status, education, body mass index, family history of lung cancer, smoking
status, including age at first smoking, average number of cigarettes per day, and years
since quitting). Most of the risk associated with formaldehyde exposure was observed
among those with the longest duration of employment (1 to 20 years: OR = 0.9, 95% CI =
0.4 to 1.9, 10 cases, and > 20 years: OR = 3.0, 95% CI = 1.6 to 5.8, 22 cases, Piend =
0.004). Subjects reporting exposure to formaldehyde were employed primarily as
agricultural workers, histology technicians, medical personnel, and foundry workers.
Exclusion of foundry workers did not substantially alter the results.

3.5.5 Lymphohematopoietic malignancies

Section 3.6.5 reviews case-control studies that examined the association between
formaldehyde and lymphohematopoietic malignancies (ICD codes 200-209) including
non-Hodgkin’s and Hodgkin’s lymphoma (Blair ef al. 1993, Gérin et al. 1989,
Richardson ef al. 2008, Tatham et al. 1997, Wang et al. 2009a), leukemia (Blair et al.
2001), multiple myeloma (Heineman et al. 1992, Pottern et al. 1992) and myelodysplastic
syndrome (West et al. 1995). One study was conducted in Canada (Gérin et al. 1989),
four in Europe (Heineman et al. 1992, Pottern et al. 1992, West et al. 1995, Richardson et
al. 2008), and five in the United States (Boffetta et al. 1989, Blair et al. 1993, Tatham et
al. 1997, Blair et al. 2001, Wang et al. 2009a). Gérin et al. (1989) was described
previously in Section 3.5.4. Four nested case-control studies of lymphohematopoietic
malignancies were described in Sections 3.2 (Partanen et al. 1993), 3.2.7 (Ott et al.
1989), 3.3 (Hauptmann et al. 2009), and 3.4 (Boffetta et al. 1989).

3.5.5.1 Canada: Gérin et al. (1989)

Gérin et al. (1989) investigated the association between exposure to formaldehyde and
Hodgkin’s (N = 53) and non-Hodgkin’s lymphoma (N = 206) among males aged 35 to 70
years, using data from a large multi-site case-control study in Montreal, Canada (see
Section 3.5.4 for complete study description and results on cancer of the bronchus).
Controls consisted of various internal control groups selected from the case series, and
740 population controls. Using the cancer control series, the ORs (adjusted for age,
ethnicity, socioeconomic status, smoking, and “dirtiness” of jobs held) for non-Hodgkin’s
and Hodgkin’s lymphoma comparing ever exposed with never exposed was 0.9 (95% CI
= 0.6 to 1.3, 47 exposed cases), and 0.5 (95% CI = 0.2 to 1.2, 8 exposed cases),
respectively. (Effect estimates did not change markedly using the population-based
control series.) Non-Hodgkin’s lymphoma was further evaluated by exposure duration
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and concentration; effect estimates ranged from 0.7 to 1.3 (e.g., OR = 1.3, 95% CI = 0.7
to 2.4, for 15 cases exposed at low cumulative concentration for greater than 10 years).

3.5.5.2 Denmark: Heineman et al. (1992) and Pottern et al. (1992)

Study population. Heineman et al. (1992) and Pottern et al. (1992) conducted a
population-based case-control study of the association between multiple myeloma
incidence in Danish men (Heineman et al. 1992) and women (Pottern ef al. 1992) in
relation to their occupation. The analysis of men was conducted based on 1,098 incident
cases for whom industrial occupational histories could be constructed and diagnosed
between 1970 and 1984. Cases were identified via the Danish Cancer Registry and
matched with age- and sex-matched controls. The analysis of women was based on 363
cases and 1,517 controls diagnosed over the same period who had a history of industrial
employment and for whom exposure to one or more of 47 chemical agents could be
evaluated.

Exposure assessment. A job-exposure matrix was constructed by industrial hygienists
based on pension and tax records of employment history by industrial employment
history and most recent occupations. Among men, those recorded with more than 5 years
of employment (791 cases and 3,070 controls), potential exposure to one or more of 47
chemicals was evaluated. (The numbers of cases and controls for whom historical
industrial exposures could be established is not clearly stated.)

Statistical methods and results. Maximum likelihood odds ratios were calculated for each
occupation vs. all occupations combined. For analyses of specific exposures, comparison
between estimated exposed and never exposed subjects was conducted. Neither possible
(OR = 1.0, 95% CI = 0.8 to 1.3, 144 cases) nor probable (OR = 1.1, 95% CI = 0.7 to 1.6,
41 cases) exposure to formaldehyde was associated with an increased risk of multiple
myeloma among men in this study. Fifty-six (56) women with multiple myeloma were
considered to have possible exposure to formaldehyde and 4 probable exposure; in
neither case were the odds ratios significantly elevated in comparison with controls (ORs
=1.1,95% CI=0.8 to 1.6, and 1.6, 95% CI = 0.4 to 5.3, respectively).

3.5.5.3 United Kingdom: West et al. (1995)

Study population. West et al. (1995) conducted a population-based case-control study of
incident cases of myelodysplastic syndrome (MDS) in residents over 15 years of age in
Southeast Wales, Wessex, and West Yorkshire to identify occupational and
environmental exposures potentially associated with myelodysplasia in the United
Kingdom. Of 635 eligible cases, 400 (63%) were available for analysis; 46% of the cases
were women. Non-cancer controls (approximately 400, actual number not reported) were
selected from hospitals and outpatient clinics and individually matched to cases by age
(within 3 years), sex, area of residence, hospital, and year of diagnosis (within 2 years).

Exposure assessment. Lifetime exposure to over 70 potential risk factors for MDS

including formaldehyde was estimated using in-depth interviews that probed subjects
about duration and intensity of exposure from jobs held six months or more, relevant
hobbies, and medical therapies. Occupational exposure was estimated in consultation

1/22/10 151



Formaldehyde: RoC Background Document 3.0 Human Cancer Studies

with industrial chemists and occupational hygienists using the self-reported job histories
and then categorized by duration and intensity (low/medium/high).

Statistical methods and results. Odds ratios were obtained using matched-pair analysis.
Confidence intervals were only reported if the lower 95% limit was greater than 0.80.
The ORs for formaldehyde were 1.17 (15 exposed cases, 13 exposed controls) for
subjects with at least 10 hours of lifetime exposure at any intensity, 2.33 (number of
exposed cases and controls not reported) for subjects with at least 50 hours of lifetime
exposure at medium or high intensity, and 2.00 for subjects with at least 2,500 hours of
lifetime exposure at medium or high intensity.

3.5.5.4 United States: Tatham et al. (1997)

Study population. Occupational risk factors for subgroups of non-Hodgkin’s lymphoma
were investigated in a population-based case-control study of male cases born between
1929 and 1953, diagnosed between 1984 and 1988, and identified by population-based
cancer registries in Atlanta, Connecticut, lowa, Kansas, Miami, San Francisco, Detroit,
and Seattle (Tatham ef al. 1997). Only living cases were eligible, and diagnoses were
confirmed by a panel of pathologists. Living controls were identified using random-digit
dialing and frequency matched to cases by registry and date of birth (within 5 years). Of
2,354 identified cases and 1,910 controls, the final numbers of subjects available for
analysis were 1,048 cases (45%) and 1,659 controls (87%) after exclusions for a variety
of reasons including unconfirmed diagnosis and presence of comorbid medical
conditions. Three subgroups of non-Hodgkin’s lymphoma were identified: small-cell
diffuse lymphoma (N = 185), follicular lymphoma (N = 268), and large-cell diffuse
lymphoma (N = 526).

Exposure assessment. All study subjects were interviewed by telephone to collect
information about demographic and lifestyle characteristics, medical and military
histories, and occupational history covering all jobs held for at least one year. The job
history included questions about job title, tasks, type of industry, and calendar duration as
well as information about exposure to specific substances including formaldehyde. Study
investigators classified exposure to formaldehyde and other substances using data from
the self-reported occupational histories.

Statistical methods and results. Conditional logistic regression was used to estimate ORs
and 95% Cls. Covariates considered potential confounders included age at diagnosis,
education, ethnicity, year of entry into the study, being Jewish, marital status, risk factors
for AIDS, military service, and smoking. Among all cases of non-Hodgkin’s lymphoma
combined, 93 (8.9%) cases were exposed to formaldehyde; 130 (7.8%) controls were
considered exposed. The adjusted OR for all lymphomas combined associated with ever
being exposed to formaldehyde was 1.20 (95% CI = 0.86 to 1.50, 93 exposed cases). For
the specific subgroups, the corresponding ORs were 1.4 (95% CI = 0.87 to 2.40, 21
exposed cases) for small-cell diffuse lymphomas, 0.71 (95% CI = 0.41 to 1.20, 17
exposed cases) for follicular lymphomas, and 1.10 (95% CI = 0.79 to 1.70, 46 exposed
cases) for large-cell diffuse lymphomas.
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3.5.5.5 lowa and Minnesota: Blair et al. (1993, 2001)

Study population. Blair et al. (1993, 2001) conducted a population-based case-control
study of occupation, leukemia (Blair et al. 2001) and non-Hodgkin’s lymphoma (Blair et
al. 1993) in lowa and Minnesota. All cases of histologically-confirmed leukemia and
non-Hodgkin’s lymphoma diagnosed among white men at least 30 years of age were
identified from the Iowa State Cancer Registry between 1981 and 1983 together with all
such cases from a surveillance network of hospitals in Minnesota (97% coverage)
between 1980 and 1982. Because the primary purpose of the study was to evaluate
agricultural risk factors, cases and controls residing in the urban areas of Minneapolis, St.
Paul, Duluth, and Rochester were excluded. For the analysis of leukemia, 669 eligible
cases were identified, 578 (86%) of whom participated in the study; interviews were
conducted with 340 living cases and 238 surrogates for deceased or severely ill cases.
Population-based controls (N = 1,245) were identified using random-digit dialing to
obtain controls under 65 years of age (N = 474, 77% participation rate), from Health Care
Financing Administration records to obtain controls over 65 years of age (N =519, 79%
participation rate), and from state death certificate records to obtain surrogate respondents
for deceased subjects (N = 550, 77% participation rate). Controls were frequency
matched by 5-year age group, vital status at time of interview, and state of residence. Five
hundred thirteen (513) cases and 1,087 controls were used for analysis after excluding
subjects whose sole occupation was farming since the incidence of leukemia was
previously found to be significantly elevated among farmers in this study population.
Histologic subtypes included in this analysis were: chronic lymphocytic leukemia (N =
214), acute myeloid leukemia (N = 132), chronic myeloid leukemia (N = 46), acute
lymphocytic leukemia (N = 13), myelodysplasia (N = 58), and other miscellaneous
leukemia types (N = 50).

For the analysis of non-Hodgkin’s lymphoma (histologic subtypes of non-Hodgkin’s
lymphoma included follicular, diffuse and other subtypes) 715 eligible cases were
identified, of whom 622 (87%) were interviewed. Population-based controls (N = 1,245)
without lymphohematopoietic cancers and frequency-matched on 5-year age group, vital
status, and residence were identified.

Exposure assessment. Structured interviews were conducted between 1981 and 1984 to
collect information about occupational history for each job held for at least one year,
demographic characteristics, residential history, medical history, and family history of
cancer, as well as smoking and alcohol use. The majority of in-person interviews were
conducted directly with cases or control participants; approximately one-third were
conducted in person with next-of-kin surrogate respondents. The occupational history
included questions about job title, industry, and calendar duration of employment. A job-
exposure matrix was constructed for selected occupational exposures including
formaldehyde, and exposure assignment was made without knowledge of case status.
Probability of exposure for each industry/job combination was categorized on a three-
point scale, and intensity of exposure was categorized on a four-point scale, considering
known changes in potential exposure probabilities by industry and calendar decade.

Statistical methods and results. Unconditional logistic regression was used to estimate
ORs and 95% ClIs for all leukemias or all non-Hodgkin’s lymphoma and for individual
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histological subtypes, adjusting for the matching factors as well as pesticide use,
education, hair-dye use, family history of cancer, and smoking. In the analysis of
leukemias, effect estimates for potential exposure to formaldehyde were generally close
to the null for all leukemias combined (low exposure: OR = 1.0, 95% CI = 0.7 to 1.4, 61
exposed cases; high exposure: OR = 0.7, 95% CI = 0.2 to 2.6, 3 exposed cases) and by
histologic subtype. Elevated effect estimates were based on small sample sizes (e.g., the
OR for chronic myeloid leukemia was 2.9 (95% CI = 0.3 to 24.5, 1 exposed case among
individuals with high exposure). [Small numbers of exposed cases and controls (i.e., 3
highly exposed cases total and 9 highly exposed controls) limited the ability of this study
to detect an effect.]

In the analysis of non-Hodgkin’s lymphoma, the adjusted overall OR for potential
exposure to formaldehyde was 1.2 (95% CI = 0.9 to 1.4, 84 exposed cases). The OR was
similar among those with a high intensity of exposure (OR = 1.3 (95% CI = 0.5 t0 3.8, 6
exposed cases) than among those with low intensity (OR = 1.2, 95% CI =09 to 1.7, 78
exposed cases). Although a 2-fold increase in risk for diffuse non-Hodgkin’s lymphoma
was observed among men with high intensity of exposure, there was no consistent
difference between effect estimates for subtypes according to intensity of exposure and
none of the estimates were significantly elevated.

3.5.5.6 Germany: Richardson et al. (2008)

Study population. A population-based case-control study of non-Hodgkin’s lymphoma
and chronic lymphocytic leukemia in association with occupational histories was
conducted using 858 incident cases diagnosed between 1986 and 1998 among men and
women 15 to 75 years of age and identified via hospitals and general practices in six
counties in northern Germany. Controls (N = 1,821) were drawn from population
registries and individually matched to case (at least two controls per case) on sex, year of
birth, and region within the study counties; controls had to be leukemia or lymphoma free
by the end of the study period.

Exposure assessment. Occupational histories were ascertained by personal interview with
respondents and formed the basis of job-exposure matrices that were constructed by
industrial hygienists for the longest held occupations. Smoking histories and
socioeconomic data were also collected.

Statistical methods and results. Conditional logistic regression analysis was used to
examine associations with longest held occupations and with potential exposure (ever vs.
never and cumulative exposure, lagged for two years) to 50 agents of interest. Models
were adjusted for smoking (never-, ex- and current smokers). A total of 27 high
malignancy cases of non-Hodgkin’s lymphoma were estimated to be potentially ever
exposed to formaldehyde (OR = 1.52, 95% CI = 0.88 to 2.63, 27 cases); for low
malignancy non-Hodgkin’s lymphoma, the OR was 1.18 (95% CI = 0.79 to 1.75, 45
cases), and for chronic lymphocytic leukemia, the OR was 1.16 (95% CI = 0.71 to 1.89,
29 cases). No analyses by cumulative exposure to formaldehyde were conducted.

154 1/22/10



3.0 Human Cancer Studies Formaldehyde: RoC Background Document

3.5.6 Connecticut: Wang et al. (2009a)

Study population. Wang et al. (2009a) conducted a population-based case-control study
of non-Hodgkin’s lymphoma incidence among women residents aged 21 to 84 years old
in Connecticut. Seventy-two percent (72%) of the women (N = 601) were available for
in-person interviews and were included in the study, together with 717 controls identified
through random-digit dialing (69% participation rate) or Medicare or Medicare files
(47% participation rate).

Exposure assessment. A job-exposure matrix developed by the National Cancer Institute
was used to construct exposure histories from occupation and industry histories provided
by respondents, who were assigned semi-quantitative estimates of solvent and
formaldehyde exposure by intensity and probability (low, medium, and high) according

to combinations of industry and occupation.

Statistical methods and results. Unconditional logistic regression models, adjusting for
age, family history of hematopoietic cancers, alcohol consumption, and race were used to
estimate odds ratios of the association between cumulative formaldehyde exposures and
risk of non-Hodgkin’s lymphoma. (Adjustment for other variables including income,
education, smoking, and immune disease history did not affect observed associations and
were excluded from final models.) Polytomous logistic regression models were used to
evaluate the association between histological subtypes of non-Hodgkin’s lymphoma and
formaldehyde exposure. Ever exposure was associated with a borderline statistically
significant increase in risk of non-Hodgkin’s lymphoma (OR = 1.3, 95% CI=1.0to 1.7,
203 exposed cases; adjusted for age, family history of hematopoietic disease, race, and
alcohol use). However, results by level of intensity of estimated exposure and level of
probability of exposure were somewhat inconsistent: borderline statistically significant
associations were observed for low average intensity (OR = 1.4, 95% CI=1.0to 1.8, 129
exposed cases) and low average probability (OR = 1.3, 95% CI=1.0 to 1.7, 165 exposed
cases) but not medium or high intensities (OR = 1.2, 95% CI = 0.8 to 1.7, 74 exposed
cases) or probabilities (OR = 1.4, 95% CI = 0.9 to 2.3, 38 exposed cases) (Piend = 0.21
and 0.11, respectively). The risk of non-Hodgkin’s lymphoma appeared to be confined to
large B-cell lymphomas, which were associated with an OR of 1.9 (95% CI = 1.3 to 2.6,
80 exposed cases) among ever vs. never exposed. A statistically significantly increased
risk of this subtype was observed for formaldehyde exposure at low average intensity
(OR =2.1, 95% CI = 1.4 to 3.1, 54 exposed cases), but medium to high average intensity
of exposure was associated with a lower risk (OR = 1.5, 95% CI = 0.9 to 2.4, 26 exposed
cases). When exposure probabilities were analyzed, a medium-high probability of
formaldehyde exposure yielded a risk of 2.6 (95% CI = 1.5 to 4.7, 20 exposed cases) for
large B-cell lymphomas (Piend < 0.01). No association with follicular lymphoma, chronic
lymphocytic lymphoma/small lymphocytic lymphomas and formaldehyde were observed.

3.5.7 Cancers at other sites

Section 3.5.7 reviews case-control studies that examined the association between
formaldehyde and several other tumor sites not reviewed in previous sections. Gérin et al.
(1989) (described previously in Section 3.5.4) reported results for various cancers. Tumor
sites examined in other investigations include bladder (Coggon et al. 1984, Siemiatycki et
al. 1994), breast (Cantor et al. 1995), pancreas (Kernan et al. 1999), rectum (Dumas ef al.
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2000), and eye (Holly et al. 1996). Nested case-cohort studies of breast cancer (Ray et al.
2007) and thyroid cancer (Wong et al. 2006) among Chinese textile workers are
discussed in Section 3.2, and a nested case-control study of brain cancer (Hauptman et al.
2009) among embalmers was discussed in Section 3.3. The studies in this section are
organized by site.

3.5.7.1 Multiple tissue sites: Canada, Gérin et al. (1989)

Gérin et al. (1989) evaluated potential associations between occupational exposure
among men to formaldehyde and cancers of the esophagus (N = 107), stomach (N = 250),
colorectum (N = 787), liver (N = 50), pancreas (N = 117), prostate (N = 452), bladder (N
= 486), kidney (N = 181), and melanoma of the skin (N = 121) in a large multi-site case-
control study in Montreal (see Section 3.5.4 for complete study description and results for
respiratory cancer; see Section 3.5.5 for results for lymphohematopoietic malignancies).
Controls consisted of various internal control groups selected from the case series and
740 population controls. No elevated ORs were observed for any of these cancers.

3.5.7.2 Bladder cancer: United Kingdom, Coggon et al. (1984)

Coggon et al. (1984) used death certificates in this population-based case-control study to
obtain information about the occupations of all males under the age of 40 years who died
in England or Wales during 1975 to 1979 of epithelial bladder cancer (see Section 3.5.4
for complete study description and results for cancer of the bronchus). Two hundred
ninety-one (291) cases and 578 controls were included in the analysis. Exposure to
formaldehyde was determined using a job-exposure matrix. Among subjects with bladder
cancer, 132 cases (45%) were considered exposed to formaldehyde; 472 controls (40%)
were considered exposed. For all exposed occupations, the OR for formaldehyde was 1.0
(95% CI=0.7 to 1.3, 132 exposed cases). Among occupations considered to have high
exposure to formaldehyde, the OR increased in magnitude to 1.5 (95% CI=0.9 to 2.5, 30
exposed cases).

3.5.7.3 Bladder cancer: Canada, Siemiatycki et al. (1994)

Siemiatycki et al. (1994) investigated the association between exposure to formaldehyde
and bladder cancer using data from the large multi-site case-control study in Montreal,
Canada studied by Gérin et al. (1989) (see Section 3.5.4 for complete study description).
Included in this analysis were 484 men (ages 35 to 70 years) with primary, incident,
histologically confirmed bladder cancer (575 eligible cases, 84% participation rate). From
the parent study, 1,879 controls with cancer at other sites (excluding lung and kidney)
and 533 community controls (72% participation rate) were selected; control groups were
pooled for analysis. Adjusting for age, ethnicity, socioeconomic status, smoking, coffee
consumption, and interview type (self/proxy), the OR for bladder cancer was 1.2 (95% CI
=0.9 to 1.6, 67 exposed cases) among men with non-substantial exposure to
formaldehyde and 1.2 (95% CI = 0.7 to 2.0, 17 exposed cases) among men with
substantial exposure. Adjusting for additional exposure to several occupational
substances reduced effect estimates for men considered to have substantial formaldehyde
exposure (OR =0.9, 95% CI = 0.5 to 1.7), but did not alter the estimate for
nonsubstantial exposure.
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3.5.7.4 Breast cancer: United States, Cantor et al. (1995)

Study population. A database of mortality records from 1984 to 1989 in 24 states in the
United States was assembled for a series of case-control studies designed to investigate
associations between occupational factors and cancer mortality. Cantor et al. (1995)
reported on their investigation of occupational risk factors for breast cancer mortality
among women. For this analysis, cases (N = 59,515) included white and black women
(10% black) whose death certificate listed breast cancer as the underlying cause of death.
Controls were randomly selected from all non-cancer deaths and frequency matched by
age (within 5 years) and race (case to control ratio = 1:4).

Exposure assessment. Usual occupation and industry were obtained from death
certificates and coded according to the 1980 U.S. Census occupational classification
scheme. Homemakers were excluded, leaving 29,387 white and 4,112 black breast cancer
cases, and 102,955 white and 14,839 black controls. The remaining occupational and
industry codes were then entered into a job-exposure matrix to estimate the probability
and level of exposure to 31 occupational exposures, including formaldehyde.

Statistical methods and results. Odds ratios were stratified by race and adjusted for age at
death and socioeconomic status (based on occupation). The risk estimate for breast
cancer was elevated among black women with the highest category of exposure
probability (OR = 1.45, 95% CI = 1.2 to 1.7, 311 exposed cases) and with the highest
exposure level (OR = 1.26, 95% CI = 1.0 to 1.5, 192 exposed cases). However, these
trends were not observed among white women: ORs ranged from 0.93 to 1.19 (e.g., 1.19,
95% CI = 1.1 to 1.3 for 1,815 cases exposed at the highest level). Further analysis
excluded women considered to have a low probability of exposure. Among white women,
the ORs were 1.14 (P < 0.05), 0.93, and 1.20 (P < 0.05) for low, moderate, and high
intensity of exposure, respectively; among black women, the corresponding ORs were
1.38 (P <0.05), 1.30 (P <0.05), and 1.36 (P < 0.05). Confidence intervals were not
reported.

3.5.7.5 Pancreatic cancer: United States, Kernan et al. (1999)

Study population. Kernan et al. (1999) reported on a case-control investigation of
occupational risk factors for pancreatic cancer mortality using the mortality records
collected between 1984 and 1993 in 24 U.S. states (Cantor et al. 1995, reviewed in this
section, also used this database, though the study period was earlier). In this analysis,
63,097 cases were included whose death certificate listed pancreatic cancer as the
underlying cause of death. Controls (N = 252,368) were randomly selected from all non-
cancer deaths (excluding pancreatitis and other pancreatic diseases) and frequency
matched by age (within 5 years), race, sex, and state (case to control ratio = 1:4).

Exposure assessment. Usual occupation and industry were obtained from death
certificates, coded according to the 1980 U.S. Census occupational classification scheme,
and entered into a job-exposure matrix developed by industrial hygienists to estimate the
probability and intensity of exposure to formaldehyde, 11 chlorinated hydrocarbons, and
2 groups of solvents. Forty-eight percent (48%) of male cases (N = 30,389) and 51% of
female cases (N = 31,962) were considered exposed to formaldehyde.
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Statistical methods and results. Logistic regression was applied to estimate ORs and 95%
Cls, stratified by race (black/white) and sex and adjusted for age at death, metropolitan
status, region of residence, and marital status. Analysis by exposure intensity yielded

ORs ranging from 1.0 to 1.4 for each race-sex combination, with some estimates
achieving statistical significance. [The large number of exposed cases in this study
increased the power to detect an effect.] Analysis by exposure probability yielded ORs
ranging from 0.8 to 1.5; again, some estimates were statistically significant. Analysis by
exposure intensity and probability combined showed that among the entire study sample,
the OR for those with both high exposure intensity and high exposure probability was 1.4
(95% CI=1.0to 1.8, 56 exposed cases). Among all subjects with high exposure
probability, the ORs were 2.8 (95% CI = 0.7 to 1.8, 3 exposed cases) for those with low
exposure intensity, and 1.4 (95% CI = 1.2 to 1.6, 546 exposed cases) for those with
medium intensity. Among all subjects with high exposure intensity, the ORs were 1.0
(95% CI=0.9 to 1.3, 171 exposed cases) for those with low exposure probability and 1.2
(95% CI=0.8 to 1.6, 47 exposed cases) for those with medium probability. Though an
exposure-response relationship was not observed with intensity of exposure, exposure-
response relationships by probability of exposure were consistent for each level of
exposure intensity.

3.5.7.6 Rectal cancer: Canada, Dumas et al. (2000)

Study population. Dumas et al. (2000) evaluated the association between exposure to
formaldehyde and incident cases of rectal cancer among males aged 35 to 70 years, using
data from the large multi-site case-control study in Montreal, Canada studied by Gérin et
al. (1989) (see Section 3.5.4 for complete study description and exposure assessment).
For this analysis, 257 cases of primary rectal cancer (304 eligible cases; 85%
participation rate), 1,295 cancer controls (excluding lung and intestinal site cancers), and
533 community controls (72% participation rate) were enrolled.

Statistical methods and results. Odds ratios were adjusted for age, education, interview
status (self/proxy), smoking, beer consumption, and body mass index, but not for other
occupational exposures. Results were presented using the cancer control series as the
referent group. Among men considered to have any occupational exposure to
formaldehyde, the OR for rectal cancer was 1.2 (95% CI = 0.8 to 1.9, 36 exposed cases).
Among men with substantial exposure, the OR increased to 2.4 (95% CI = 1.2 to 4.7, 13
exposed cases). The authors noted that the overall exposure-response pattern reflected an
increase in risk with increasing duration and concentration of exposure (data not shown).
[Use of a control group including subjects with cancers that other studies have suggested
are potentially associated with formaldehyde exposure (such as esophageal carcinoma,
bladder cancer, and lymphomas) might have attenuated the observed effect estimate.]

3.5.7.7 Uveal cancer: United States, Holly et al. (1996)

Study population. Holly et al. (1996) conducted a case-control study to evaluate whether
certain occupational exposures were associated with incident cases of uveal cancer (also
known as intraocular melanoma) among white males aged 20 to 74 years living in the
western United States. The case group (N = 121, 95% participation rate) comprised all
histologically confirmed cases of uveal carcinoma either diagnosed or treated between
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January 1978 and February 1987 at the Ocular Oncology Unit of the University of San
Francisco. For each case, two controls were selected using random-digit dialing and
individually matched by area of residence and age (within 5 years); 447 controls were
enrolled (77% participation rate).

Exposure assessment. Telephone interviews were conducted to elicit information about
demographic, medical, and phenotypic characteristics (i.e., eye color), occupational
history and exposure to chemicals, and history of smoking, diet, residence, and sun
exposure. Exposure to chemicals of interest including formaldehyde was determined by
asking each participant whether they had ever worked with or been regularly exposed (at
least three hours per week for at least six months) to each chemical at a job or while
engaging in hobbies, recreational activities, or home maintenance.

Statistical methods and results. Odds ratios were estimated using unconditional logistic
regression adjusting for age, eye characteristics, and response type to sun exposure. The
OR for uveal carcinoma among men who reported ever being exposed to formaldehyde
either occupationally or recreationally was 2.9 (95% CI = 1.2 to 7.0, 13 exposed cases).
[Results of this study might be affected by recall bias since exposure assessment was
based entirely on a subject’s personal recollection of formaldehyde exposure.]

3.6 Summary by tumor site

This section summarizes the findings for the cohort and case-control studies for each of
the major cancer sites. A number of the cohort studies, the majority of which have
studied workers in a variety of industries, relied on external (SMR and PMR) analyses;
relatively few conducted internal analyses of exposed and unexposed workers. [All
studies of occupational groups are potentially subject to biases introduced by selection of
healthy persons into the working population. Few studies have either sufficient numbers
of exposed individuals to enable exposure-response relationships to be assessed or have
quantitative exposure measurements on which to base the assignment of exposure
categories. Since some of the tumor types potentially related to formaldehyde exposure
are rare (e.g., sinonasal and nasopharyngeal cancers) most of the cohort studies have
limited statistical power to detect statistically significant increases in risk in association
with exposure to formaldehyde. The case-control studies of these and other cancer
endpoints often lack adequate data on exposure to formaldehyde. In addition, relatively
few cohort or case-control studies have attempted to control for potentially confounding
exposures or lifestyle factors; however, many of the cohort studies were conducted in
several different industries, and thus it is unlikely that workers were exposed to the same
confounders in the various studies.]

[Four studies of occupational populations were available that had relatively large

numbers of formaldehyde-exposed workers: (1) the NCI cohort of mixed industry
workers (Hauptmann et al. 2003, 2004, Beane Freeman et al. 2009), (2) the cohort of
British chemical workers (Coggon et al. 2003), (3) the NIOSH cohort of garment workers
(Pinkerton et al. 2004), and (4) the NCI study of workers in the funeral industry
(Hauptmann et al. 2009).] Detailed exposure-response relationships according to peak,
average, duration, and cumulative exposure were examined only in the NCI studies
(Hauptmann et al. 2004, 2009, Beane Freeman et al. 2009). The other large cohort study,
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of British chemical workers, also examined exposure-response relationships by exposure
level, and by duration of employment and time since first employment in jobs with high
exposure, using external SMR analyses for selected cancer sites. The NIOSH cohort of
garment workers (Pinkerton et al. 2004) evaluated mortality for selected cancer sites by
duration of exposure, time since first exposure, and time of first exposure (exposure was
higher for earlier time periods). The other cohorts (of both industrial and health
professional workers) were smaller, and in general only reported mortality for ever-
exposed workers. (Note that not all cohort studies reported findings for each cancer site.)
Where findings were reported but no deaths or cases were observed, as specifically noted
by the authors, the annotation “0 deaths” is used in the accompanying tables. Studies in
which no findings for a given site were specifically reported are noted in the footnotes for
that table.

3.6.1 Cancers of the paranasal sinuses and nasal cavity

Sinonasal carcinoma is a rare cancer (the annual incidence is approximately 1 case per
100,000 in most countries), [which limits the ability of even large occupational cohort
studies to achieve enough statistical power to detect significant associations. Further,
sinonasal carcinoma is thought to have a long latency period (at least 10 years, with some
estimates as high as 40 years), meaning that study designs must have a long enough
follow-up to capture exposed cases]. Approximately 70% to 80% of primary sinonasal
carcinoma occurs in the paranasal sinuses rather than the nasal cavity, but most of the
available studies do not distinguish between sites when identifying cases of sinonasal
cancers; Hauptmann et al. (2004) is one exception.

The relationship between sinonasal cancers and occupational exposure to formaldehyde
has been investigated in cohort, nested case-control and population-based case-control
studies. The key findings are summarized in Table 3-4a and b. (See Section 3.1 for a
description of sinonasal cancers, and Section 3.5.1 for a detailed summary of case-control
studies that investigated sinonasal cancers.) [The cohort studies have low statistical
power to detect sinonasal cancers, and case-control studies are more informative. ]

3.6.1.1 Cohort studies

Increases in the risk of sinonasal cancers were reported in two cohort studies of
formaldehyde-exposed workers: (1) a statistically significant increased risk of sinonasal
cancers was observed among male Danish workers exposed to formaldehyde (SPIR = 2.3,
95% CI = 1.3 to 4.0, 13 exposed cases and SPIR = 3.0, 95% CI = 1.4 to 5.7, 9 exposed
cases for exposed male workers without exposure to wood dust); risks, although not
statistically significant, were also increased among women (SPIR = 2.4, 95% CI = 0.6 to
6.0; 4 exposed cases) (Hansen and Olsen 1995, 1996), and (2) a nonsignificant increased
risk in sinonasal cancer mortality among formaldehyde-exposed workers was observed in
the NCI cohort (SMR = 1.19, 95% CI = 0.38 to 3.68, 3 deaths) (Hauptmann et al. 2004).
In the latter study, statistically nonsignificant elevated relative risks were observed for
some categories of average, peak, and cumulative exposure. [However, the small number
of exposed cases limits the ability to evaluate exposure-response relationships.] In an
industrial cohort study of tannery workers, one death from squamous-cell sinonasal
cancer was reported among formaldehyde-exposed workers in the finishing department
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(Stern et al 1987). No association with formaldehyde exposure was found in a
standardized mortality analysis among British chemical workers (2 observed deaths vs.
2.3 expected) (Coggon et al. 2003), which was one of the larger cohort studies. No cases
of sinonasal cancers were identified in the NIOSH cohort (Pinkerton et al. 2004) or in the
small industrial cohorts of Dell and Teta (1995) and Andjelkovich et